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WITH DISCUSSION. 
_ An exa examination of the annual reports of the water departments of 


© the cities of the United States shows that ti the quantity of water used 7 


increased much mo more rapidly than the growth | of the population, 
and much more rapidly than had been expected by the engineers who 7 


gned the works. Take the case of Boston, which may be « con- 


sidered typical of m: r cities. The original work: 


= structed in 1848, and were based upon { the samamption t tha ; 2 


8 


per capita w ould be an adequate supply for all pur poses, this a 


sion on being based on the experi ience of the city of Philadelphia. Before 


many y it w as 8 discov ered that 28 galls. capita were not suffic ient, 


& 
and in estimating for ‘an additional supply in n 1872, ¥ P. Davi is, M. Am. : 


= Soe. C. E., , considered that 60 galls. f for each ‘person would be a proper — 


: _ allowance future needs. The present consumption in Boston 


about galls. per inhabitant ; ; the of supply ‘obtained 
y 
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in 1872 will soon be reached, and the Sinisa Sta 
- Health, in ar repor rt on the water supply f for the Boston 


= 


District, has come to the conclusion that 100 galls. per capi i 


OF 
proper allowance for the future needs of the district which embrace 
all th the cities and towns within 12 miles of the State House ; 


Although the present onsumption in Boston i is about four times as 
= as the estimate of the designers. of the» works, : it is still less than = 
_ that of a number of ‘of large At American cities. The table on pages 186 and > 


give es s the and in some eof the cities the he United 


the past five years. 
The question naturally arises, Ww ele are the 
constantly i increasing use of water ? ? Is ; the in 


‘use, or is it due toaw rasteful and extravagant use of the water? The 


- guthor i is of the o opinion that the increase can be attributed i in part to — 


both o of these causes, but that the greatest cau 
and wilful waste. 


oo WwW ith a few exceptions the efforts of the authorities in charge o of — 
| Water § supplies: during the past 25 or 25 or 30 years have been directed to- 
4 ward the securing of new sources of ‘supply ne the construction of © 
a additional w rorks, rather than toward the of 


has ays favored ‘the fr free use of and in most cities there ¢ exists 


— a a well-established but mistaken idea that constant streams of water ow 


running through water- closets ar and house drains have a te tendency to 


a? 4 prevent or remove the f formation of noxious s gases and disease germs. 


ib the following paper an attempt has been made to study the 
causes of the great increase in the consumption | of water, with the ob- 
‘it 


of learning: Fira, wheat can be consider ed a proper allow ance per 
r future s supply Second, what are the 


causes of waste an and how can it be best prevented # 2 


Consumption pe per Capita. —In the proper allow ance to be 
x made fc for the use of waiter, it will be vie onvenient to consider the ques- on 


under the following subdivvi isions 
Qu Quantity used for domestic purpos oses. > 

Quantity used for trade, manufacturing and mechanical purposes, 


4 antit public pur oses. 
‘Quantity used for public purposes, 
4 Quantity wasted. 
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Quantity Used for Domest Pur “poses. —U nder first should 
be included | ‘not only househ old uses of the inhabitants, but also 


CAPITA IN Boston, Newton, River, 
AND LoNnDON, AS DETERMINED BY METER 


CONSUMPTION, 
GALLONS PER— 
REMARKS, 


Family.| Capita, | 


Number of 
houses, 


Highest cost apartment houses © 
in the city. 
First-class apartment houses. ¥ 
Moderate class 

houses, 
Poorest 
| houses, 
Average of 
| houses supplied by meter. — 
Average of all dwellings - 
plied by meter, 
All houses supplied with 
modern plumbing. 
These families have but one 
faucet each, 
These families have 
faucet each, 
The most expensive houses - 


2 BRS 
a on 


ig 
Ro 
& 


ay, 
.4 |Average class of houses, gener- 
: ally having bath and water- 
‘Fall River | cece cose -3 |Total domestic consumption, 
Worcester Whole domestic consumption. 
Worcester 19.9 |Woodland street, best class of 
Worcester. -1| 23.4 |Cedar street, class of 
houses. 
Elm atreet, houses 0 of: moderate 
cost. 
Southbridge street, cheaper a 
55.0 | -6 |Austin street, , cheaper houses. 
London, — 1 169 ; nee: Houses renting from $250 
727 | | 18.6 |Middle com, rental, 


The records obtained in cities and towns where water meters are 


used on “house services furnish the best information obtainable in 


regard to the | actual quantity needed for domestic eo 


— 

— 

ee 4 4 4 ray 4 — 
the exception of the pub ]ic 

46 | 628 | 25%) 185 46 
Boston............| 339 | 3 647 | 14 261 | 139 35.6 — 
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sumption per capita for household or domestic use by different classes 


se a of people in a number of cities, as determined by meter ‘records, 


a. There appears to be a marked difference in the household —. 


ree in different panes. hb ie case of Brookline, the average per 


a 
capita consumption of 44.3 galls. includes the amount used for priv ate 


stables, ¢ conservatories, lawns, -ete., , and the use for these purposes is 
very much larger in that town m than in the average suburban com- 


In Newton the consumption of 2¢ 26.5 5 5 galls. per the 


the} are on ‘on smaller estates than many in Brookline 


 « and the number of s stables ; and cc conserv vatories is much smaller. 
- _ The houses i in Worcester and Fall River r are, as a whole, much ‘ion 


o. expensive and have fewer water Gulanes than those i in Brookline and 
Newton. The: figures g given for London a are taken from the R teport of 
the Royal Commission on the ‘Water Supply of Metropolis. The 


consumption per capita in English cities is generally ‘much smaller 
than in the United States, but these figures indicate that the ac etual 
a quantities used in in buildings having water fixtures of similar character 4 } 


are the same there as in our cities. 


‘The The per capita consumption in Newton, Fall River, Worcester and 
2 ‘London, in first- clam houses supplied with modern plumbing, was in 


3 ‘each ca case 2 about 25 galls. In two instances, ‘Worcester 16.8 galls. ‘ and _ 
Fall River 1 12.3 galls., the figures given embrace not only the household — 


- consumption, but all domestic uses, including small groceries, 
~ laundries and stables, in fact, every use with the ¢ exception n of manufac ~ 


turin an nd ul lic ses. 


4 In Yonkers, N ae all of th the water is supplied through meters, ex- 

‘cept for builders’ “use, street sprinkling, public buildings and street 

and sewer er use. number of “consumers: in 1894 was estimated to be 


=. 31 000, and the records of the meters show “ the a Somantio consump- 


tion was 21.4 galls. per consumer. 


‘It is worthy of notice that the averages in the | table are not based 
upon the records s of a few families. Combining all of the: records, there 
is a population of 232 000 using 18.2 galls. per cap ita ith aD 


a? 


‘By 
; 
— 
4 
| ‘ Sumption per person wou but 2U galis. 4 
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TABLE Suowixe ConsuMPTION: IN PER Carrra FOR Various» 
. PURPOSES FROM THE Works Boston 1n 1880 AND 
= 


POPULATION, 1880, 306, POPULATION, 1892, 430,000. 


‘Metered. | Total, || Metered. |Unmetere 


an buildings and stores. . 
Steam railroads 1. J. 2.26 
Sugar refineries -811 |. he 
Factories, machine Mort 
mills and engines 
Iron works and foundries.... 0.573 
Marble and stone works.... 148 0.143 
companies 
light companies 
Breweries. eee 
Oil and chemical works, 
Restaurants 


ow 


oo 


= 


Steamers and 
Elevators and motors.. 


croowoos 


0.150" 
0.314 


Dwelling houses...... coos] 
_Hand hose.. 
Club houses. 
Ghurches..... 


Uses 
City, State and Government 


oe 


rs 


to bo 


Quantity Used for Mechanical, Trade and Manufacturi ing 
The quantity of water required for mechanical, trade and manufactur-— 


ing varies largely in different communities. In some 


y little manufacturing and almost t 
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— 
: 

i 
8.008 1.604 62 — 
| Markets and cellars..... ....|. | 0.150 ||. 
; -| 0.814 || 0.97 0.28 (0.55 
| 14.06 — 

7 

0.18 
* 58.890 58.987 || 1.90 | a 4 
0.200 0.200 || 0.30 | om | — 

| | 0.400 0.905 || 0.30 | 0.12 | 0.42 

) The quantity wasted is included in the unmetered consumption, = 

— 
and towns there 18 ver he el- 

— 


n the for 


_ Even in ananone cities conditions often exist t which affect | the 


demand for manufacturing purposes upon the public ¥ w vater supply 
‘Fall River is a manufac cturing city, but most of the mills obtain a 
4 supply of water from t the riv yer, and the total amount used in the city 
— for m manufacturing | purposes is but 2 galls. per inhabitant. 7 On the | 


7 other hand, wi here the ) manufacturers a1 are © obliged to take their supply 
Pal 


ist from 20 to 30 galls. per 


Table N } No. 3 shows the » consumption in gallons per capita for various 


purposes 3; from the Cochituate works in » Boston i in 1880 and also i in n 1892. 
The quantity used and paid for by schedule rates has been estimated — 


by « dividing the total amount receiv ed in proportion to the amount re- 
ceived for different purposes. This method | gives rosults which are 
fairly accurate, ,and as the proportion of unmetered water used for — 


; ‘manufacturing and trade purposes is is small, the quantities used for the 


_ purposes enu umerated in the table are are thought to be nearly correc ae 7 
The use of water for mechanical and trade purposes i in Boston isin- — ' 


creasing at a much more rapid rate the population, and theauthor 


Sees no reason why the c conditions existing in Boston should not Sexist 

in other cities. A very forcible illustration of this fact is given a by the 

followin ing statement showing the consumption per inhabitant for 


of the ‘more important mec mechanical and sin 


GALLONS PER CAPITA, 


Steam railroads.... 
Sugar refineries 
Gas works........... ce 
Electric light and | power. 
Breweries... . 


Totals. 


‘The daily — the above purposes 
difference 
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tire consumption is fg» r places the domestic con-_ 
4 
: _ 
4 the public works, the use for manufacturing and trade purposes 
_ a The present consumption in Boston for these purposes is about 30 : ~ 
galls. per inhabitant, and as most of this water is supplied through ge 
il 
an 
a 
an 
— 
i 
i= 
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(2731 000 alls, oF more than 209% « of the total increase in the sie 


¥ 


Quantity for Purposes.—Publie purposes include those 


different on account of f the in supply. 
_ In some cases no charge is made for water used for public purposes, — 


while in others the water is supplied through meters and the water 


: "department is paid for all wi 1 water used. When no charge is made the — 


% consumption i is apt to be excessive. - The following examples illustrate ¥ 
a this point : In In Detroit one hospital containing | 150 persons 1 used 625 25 0 
galls. capita ; another, containing 135 used 548 gall 


capita. A 8 school consumed 2 112 000 “galls. in one month, but on 


i Boston many o gs tered, and the quan- 
ne 


charging by meter measurement the consumption was reduced to 


tity mood for public purposes is mor 


e nearly the quantity actually a 
needed ‘The metered consumption for public schools and 


hospitals in 1603 was 5 galls., and | the unmeter uantity is esti- 


bend on. making 38 galls. per used for these 


the author has been able to 


b tain, 


on 


‘Public schools and 


Flushing s sew wers, public. 


Ornamental ane drinking fo fountains........... 


Total for public purposes. . i aT 
Probably - 4 or 5 galls. per capita should cover all the yequirements 


From a study of the preceding facts the author draws the follow- 


ing conclusio ons in regard to the actual requirements s of different com- 


: The atneated needed for domestic use is not more than 30 — 


~ 
— 
for pudhic dulldings, hospitais, institutions, Schools, street Sprinkilng, 
flushing sewers, ornamental and drinking fountains. fires, etc. The 
+ — 
a 
‘ 
— 
— 
d 
gives the ollowlng requirements for the different purposes: 
_ 
— 


"galls. per inhabitant, and in ‘communities where the number of water 


ures is small in proportion to the population supplied, a smaller 


quantity will answer all poquirements. iy For business, mechanical and 


“manufacturing: use, the amount per capita will differ in 


different cities, i ever, 


‘that the actual requirement at 40 3 per capita 
The s quantity nec needed for ' public use is not more than 5 5 galls, mak- 
ing a total, of 7 5 galls. as the maximum quantity neoded for actual use, 


Wasted.—If the ‘statements which have been made as to 


the actual amounts required for domestic. use, for manufacturing, 
-meci hanical and trade purposes, and for public uses are correct, it is 
_ evident that a very lenge proportion of the total | consumption of most - 


<= the large cities and towns ‘must be wasted, and in the quantity — 
asted the author does n¢ not include water which is 8 lavishly use used, but t : 


aa 


4 


4 


ithout doing any ‘useful 
the local affect to some ‘considerable 


ference between 7 75 galls. which should supply 


- demands of a a large city like Boston, and the cay 


Ds Rate in Table No. . 1, shows that the amount W was 


must be more than that used. 


are a number of ways by which the existence and 1 amount of 


"These ‘meters nave been i in use 


Soc. C. E. then city This meter is placed upon the 
main supply of a district of from 2 000 to 3 000: persons, and tarnishes 


_ continuous record of the rate of of consumption in ti that district. — 7 ‘The ‘ 


dof t 
records of these motors show conchusively that. there i an enormous 


consumption c of water during the night, when ‘the legitimate use 
4 should be small. In 1883, when these meters ‘were first placed in gen-— 


— eral wae the average daily consumption in a residential district of 


3 34 800 } persons was 69.8 ‘galls per capita, and between the hours of 1 : 


bd 


} 
a 
now nied, as 
> 
i 
A. M., When the legitimate use should be the least, the Consump- 


t oni in nthe same district was at the rate of 53.2 galls, per head per day. 
‘The x minimum rate was n¢ nearly 80% of the e average for r the entire day. — 


to determine the rat rates of for different of the 


, During the week eek ending August 20th, 1893, observations were made — 


be 


7 


10 


If there is shown to be a waste of 30 galls. per capita where the - 
total daily ¢ consumption is but 74 galls., what 1 must be the co ondition — gs 


axis 


- of affairs i in some of the large cities where the consumption is from 7 


125 to 250 galls. } per inhabitant "a In Buffalo the daily av erage con- a 
mption f ye year 1894 was 72 270 000 galls. o or 252 galls. ‘per in. in- 

t. Knapp, M. [. Am. Soc. E, the engineer of 
Buffalo, states that 70% of the water which they pump is s esti- 
or how this use 0 of water ‘is to be pr evented. The 


are not in favor of ‘meters. ‘They have reached the capacity of the — 


works, both os to tunnels, engines and pipes. - The additional cost “| 


pumping in Buffalo due to this waste, to say nothing « of the “increased 


interest and maintenance account, is from $75 000 to $100 000° ‘per 


annum. In Chicago, Cleveland, -Philadelphie end Detroit, the con- 


ae is about 150 galls., 0 of which probably one-half is wasted. oe 
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defective street mains and services; 3d, waste to prevent 

freezing of services; 4th, wilful waste. “a 


First. Defective Plumbing.- —In cities where meters are not gen- 


y used, defective house plumbing is the cause of the greater p r- 
tion of the waste of water. ‘The general use of all the modern plumb- 

_ ing conveniences, even in n the ¢ cheaper class. of houses, has become. the 

_ custom, and has resulted in the manufacture and sale of a a cheap ae 

of water fixtures which are the cause of a very large proportion of the © 


waste. From i te 15% of the examine in in Boston are found 


urce of the greater same of the w vaste from defective e plum abing. ‘ Un 


geen and unnoticed a constant oftentimes large stream runs ssilently 


fh 


down the ov erflow w pipe ta to the sewer, and as ‘the wa ater bill is not in- 


* the plumber, the sight of whose bills he fears more than the sound | 


running water or the complaints. of his tenants. 


Defective Mains and Services. — —From a careful study of 


the question the suthor i is of the opinion that the waste from | the shvect 


main s and services is much larger than is “generally supposed. . Itis 
“often anid that no leak of any magnitude is likely to occur a 


; ‘showi ing on the surface of the ground, but broken 4-in. and 6-in =a 


ere ased, the € property-owner finds it cheaper to let it run than to eall | 


in Boston which gave no indication at the surface, and whic 
a dently b een W n wasting wa Ww ater fur ye y ears. . Only a a short time ago ¢ one 1e of the | 
; _ waste water meters showed an excessive consumption in a short street 


_ supplied by a 6-in. main, anda careful i investigation disclosed the fact a 


that the main was broken entirely off and the water was escaping u 
> seen into the sew aah at the rate of 100 000 galls. in 24 ae ‘A 


and ‘service pipes ‘Tunning 1 1 000 galls. per hour have been dise 
4 


4 ‘a Third. Waste to oP revent Freezing of Services. .—This cause of 


was ‘51 9: pat ¢ 600 Cig while for the intervening winter ont it 4 


may be charged t he cold w waste. 
> 


Fourth W aste. fe—The cause of waste is the 


flow of water r for the "purpose cleansing ‘the drains. he da desired 


— 

a 

yt 

ag 

12 = of extreme cold. The average daily consumption of the Cochituate 4 . 

= 
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result is if ever accomplished, but the ignorant ¥ water-taker 
not be convinced. of the futility ¢ of the plan, a and the « department ilies 


ce. = An example « of the w ilful use or misuse of of water r 
been tot the author’ 8 notice w a constant stream w ater 


flowin ing g through the kitchen sink was made to answ wer the } a of a 


Prevention of Waste.—There is no doubt that 


me wens of prev reventing wa: waste of water on the premises of the water- er-takers” 


is the universal use of water meters, for if every water- taker is obliged ; 7 
pay for the w water enter ing premises whether used or wasted, 


The anced that t ers tends to 


~ reduce the consumption of water for sanitary purposes below a point 


ive to public h h ealth, but this argument has little foundation in _ 


fact. The great cause of wente of water is the continual small trick- 


ling s streams which are of no ] practical | benefit in » cleansing « drains. , 
‘The introduction of meters has always been followed by a reduction — 


in ¢ | consumption, ants in the cities and towns where Cute use ‘has been 2 
_ adopted with the construction of the works, the qi quantity | required per ed 


‘The consumption in the shows the effect. of this: 


of services = 


Saas 


By the adoption of a minimum | rate which provides at anample allow- 


ance e for all domestic pur pene, the objection to the use of meters on 


istaken idea is prevalent that water be as the a air, ‘the 


ya opposition of public opinion will not sanction the general intr ‘oduction _ 
of meters. i The people will authorize the expenditure of millions for ; 


meal of water, larger ma s and additional pumping ma- 


BRACKETT ON CONSL 
— 
—— 
— 
— 
— 
i 

— 
>. 

— 
— 
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re easoualy oppose the introduction of mete 


—— ‘ 


In the author’s opinion, next to. iin general use of: meters, the most 
efficient method of | of preventing waste is by house-to-house inspection 
in England, ‘but Boston is the only city. of the United States where it 
has been adopted. * The Deacon mente water meter is the invention of of 


4 sided by by the ‘Deacon waste- Ww jahen meter. This: system is largely used 


Mr. G. F. Deacon, naw was first used i as Liv erpool about 20 years | ago. 
Att trial of the meter in Boston in 1880 ¢ gave ‘such satisfac tory re: sults 2 4 


4 that the system was adopted and has been in constant use since 1880. 
“sll As the construction and operation of this meter is entirely different . 
_ ia from the ordinary recording meter meter, the following description is given 


8 The cs cast- -iron body of a meter contains a hollow, cone- shaped _ 


chamber of brass (see Fig. 1). Suspended i in this chamber Cis a com-— 


"position d dise Do of the same diameter as the ‘upper e end of the cone. — 
The fine wire by y which the dise eal suspended passes through a small | 


rere in the top of the chamber over the } pulley R, and is attached to ca 
_ counter- weight W. When the water in the pipe is at rest the disc is 


he ld at ‘the top of the cone by the counter-weight, but when water is 


4 


drawn tl through the m e sc is pressed downward, its position — 


depending the q ntity of water passing through t the meter. pole 
a By m means of a paneer ‘attached to the wire, the motion of the disc is 
recorded upon the the drum £, revolved by clockwork once in 24 hours. 


The meter does not, like the ordinary house meter, 1 record the total 


quantity which has p: passed betw two observ: ations, it records 
a a diagram the the rate. of flow at each and every instant. is thus 


4 possible to ascertain the x rate of consumption durin 7 
the legitimate 1 use of water is very small, and determine the a amount 


of water wasted. . The meters are placed under the sidewalk upon a 
by pass leading from the main, so arranged that by closing the valves 


on the street m: mains all of the water used in the section to be tested is_ 


‘The motors in use in poston one 6 ins. in size, have a register- 


a ing capac ity of 25 000 galls. p per hour. A population of from 3 000 to 
6 000 can be supplied at one time through the meter, and the arrange- ; 


_ *A few meters have been used in Philadelphia for cnpetneatal purposes, but the | 
system has has not not been adopted forgeneraluse. 
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Supplying a population about 7 


the ae mains ar are closed, 80 5 that all the w water 
are obtained the rate of consumption, after) w vhich 
the night in inspection is begun. . The ordinary iron wrench used to let 


a on or shut off he house water r supply is applied by thei inspector to the 
_sidew alk stop- -cock, and A by placing his” ear to the w rench can 


‘made of all 1 premises there « are indications of a com-- 
“a plete e examination is made by a a day: inspector to locate the cause se 
waste. Notices are then issued to the owners or f the 

4 premises, and all defective fixtures are repaired. 


_ One important a advantage derived from the use of these meters is is 


7 on the work of inspection is done ewe most needed.‘ The n meter 


records determine the streets where the waste is taking place, and the ; 


ow work of the inspector ean be concentrated where the greatest saving 


can be made. - Another benefit i is the detection of waste from the street 


_ mains and serv ervices. Neither the use of meters nor the or ordinary sy ystem 


Sy a house: to-house inspection will prevent the waste from this cause, i 


4 and that it is much larger than is generally supposed, ‘the following 


facts 8 will serve to illustrate. 
in the city of Yonkers i in 1884, 32 000 consumers were sup 1 
water through 3 504 serv ices, on which there were 3 482 meters. 7 The 
daily ‘average quantity pumped was 2 623 760 galls., » Or 85 ‘galls. per 
consumer, 8 while the total quantity registered by the “meters was 52 23 7 
galls. per ¢ -consu mer; of the r remainder, 32. 7 galls. per ‘consumer or 
1010 000 galls. | per day, a small portion was used for public purposes, 


but the ¢ great proportion is unaccounted for. 


In Milton, Mass., all water used in in the town is — yy a meter 7 aa re 
on the supply : main, and every serv ice pipe is prov ided with a meter. “a 

i The works a are but four } years old, have 18 miles of cast-i -iron mains, 376 ps ' 
_ services supplying about 2300 persons, and with the exception of | 


water used for flushing ‘mains, street sprinkling, street construction 


and for fir res, all all of the water ‘used is measured by vbeoreati 
a service > pipes. | The da daily average am amount registered by the n 
git 


ment of the meters and pipe system is such that each meter is used to 
a | q 
= 
— gg 4 
— 
tm 7 q 
q 
tm { 


the supply main in 1893 was 128 529 galls., ‘able total 
by y the se service was 6 65 842, galls. Allowing 2 000 galls. per day” 
a blowing off pipes and ‘nee, there remains 62 687 galls., or nearly 7 

% of the total consumption > which is unaccounted for. - In Newton _ 


ia Fall River., , Mass., and Woonsocket, R. I. , Similar snnite are shown. 


In the city of wal with of houses. 
having a a single fau 


We 
lallow- 


ance forthe amount the of water 
- delivered into the premises of the water- takers | during the year 1892 a 
but little more than one-half of the total Of 


the meters without | being recorded. 

city of Fall River during 1892, 2 21 217 370 galls. p per day, 
equiv valent to 27.24 galls. capita, were were pumped into the mains 
274 500 galls., or 15. 15.66 galls. per capita were § sold ; leaving 942 


OF il. 58 galls. peri inhabitant. small ‘Portion of this was sused 


at thos w are with self. losing faucets and no hose 


connections. "The quantities recorded by the meters and the amounts 


pumped duri uring the year 1893 are as, follows: 


2 


December 1st to March Ast. 46 662 233 500 
March Ist to June Ist ++-| 45 763 500 995 684 


June lst to September ist 61 589 227 7 . 943 211 
September Ist to December ccc 50 193 139 802 669 
Total for year.. 204208187 | 106 975 064 106 978.088 
Estimated quantity ‘used wate 
fountains, etc 


141 975 064 4 q 


In the. ‘calculation of the qu quantity pumped, an an . allowance of 5% 7 
has been made for the slip a of, the pumps. the tact 


or 
q 
— 
7 
; = 
— 
4 — 
city DUlidIngs and Tor other public purposes, al least galls. 
7 capita, or 814 000 galls. per day, more than one-third of the total 
— 


more thea 
2 000 000 ga 


is wasted Seen ‘the mains and services. 7 These great differences can 
only be attributed to errors in the quantities registered or to waste 


and leakage from the street mains and service pipes. ze does not seen 


waite that the loss due to ) the slip of the pumps and the loss i in 


registration of the me meters j is , more than 20°% of the quantity permed 
by the pumps, in which case there seems. to be) i 


that the leakage from the mains is an an important factor, ond that the 
use of puatieeg meters will not preve event all waste of water. 


Gentil districts the rate of between the hours of 1 to 
A. M. is is from 50 to 100 galls. per capita per 
F Pr oper Allowance pe per Cupita. —In estimating ihe quantity to " pro- 


vided f for future years, consideration should be ¢ given to the probable > 


legitimate i increase in the 1 use of water. _ Although the the greater part ¢ of 


an enormous consumption in some American cities is ‘wasted, there 


nevertheless been a great increase in the legitimate « consumption 


g the past 40 years, and without doubt the demands for water will 


continue to increase in the years to come. 


One cause of the increased consumption of water is found in the 


great increase i in the number of water fixtures. Table No. ‘ illustrates 


gins 
this grow th in Boston. 


‘The proportion of fixtures per capita was” nearly twice as large 
ae 1890 as in 1871 ; Although it it is not to be expected that a person w vill 


P double the u use of water because he has twice as ; many opportunities of - 


s irawing i it, yet : increased use will surely: follow from the increase in 


2 


Another « cause of increased consumption is increased pressure in 


- the mains ond serv ices. The constant tendency towards increased i 


of buildings creates a continued demand for increased 


it been that 75 per capita is at present 


allowance for actual uses in a large « city. . To this must be | 


added ance for unay, avoidable waste future th. 


a 
— q 
q 
a 

i 

7 

~ number of fixtures ‘ 

itm 
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— 

Name of fixture, 
= 


neh 
1870. 


1890, 


increase. 


Percentage 
increase 


Percentage 
increase. 


ag 
Sm 


«84.498 
17230) 
62.030 
139) 


Bathtubs 
Water-closets. .. 


| 


. sam S 


Private hydrants 

Slop hoppers 

Foot baths 


OO 


. 


“Totals... 130 234 933574) 410 311 


Peta 
000 
28 000 000] 
0,708 5 0.903 
9 


Total population...... 
Daily average con-} 

sumption 
Fixtures per capita .520 
Consumption per : 64.9 
Capita. 


200 
41312400 
(0.954 


119.9 914 


similar device for tecting enki in » the street mains. In cities where 


water meters are not generally “used, the quantity wasted will be from 


- 20 to 100 galls. per capita, as the inspection of of mains and house fixt-— 


it is not practicable to reduce the waste below 15 galls. per capita 
large cities, and that it cannot be maintained at that figure except 
i 
_ ea 
5 893 1706 
Urinals ...............) 2447 
9 615 533600 — 
— 
— 
4 mo 
— 
| 
_ — 
ie. 


DISCUSSIO N ON CO 


F M. Am. Soe. C. E 3,—That meters protect the 
=) sci consumer as well as the city against unnecessary expenditures was 
shown by the speaker's experience. About three years ago, one was 
_ placed i in his: house, and although he did not < caution the servants or 
any y of the family : against wasting water, there been a reduction. of 
aA 2 4 30% to 40% in the water bills since that time. 
Mr. Rice. L. Freperick Rice, M. Am. Soc. C. E.—T 7” speaker’ S experience 
; 2% had been similar to that of Mr. FitzGerald. Under the old system of — 
. >» rating, his water bills ran from $ 20 to $25 a year. i, Eleven years ago h he 
put ina meter and since then no bill has exceeded $6 a year. Refer- — 
ence to the record shows the~meter reading to have been 572 on June 
2d, 1883, and 41 644 on. June 3d, 1895; a total of 41072 


on a. concerning the daily consumption of water in Philadelphia, P 
galls. per capita, are open to question, as the municipal reports for the i 
last. few years rate the pumps much higher than their 
capacity. Tests of two. of them showed their capacity to be 20% 
lower than stated in the municipal reports. A great increase in +i 
= consumption of water in the city occurred shortly after some large _ 
_ new reservoirs were brought into service, and the speaker believed that 4 
_ there is considerable waste of water through the bottoms and walls of ~ 
4 the reservoirs, and not so much along the pipe lines and in the — , 
ings as the recorded total consumption indicates. a. 
“a H. Am. Soc. C. E.—The speaker had found in 


16 to 4 ins.“in diameter a 50 Ibs. per “square inch was 
- maintained, that the quantity of water escaping did not exceed 1 gall. 
7 _ per minute per mile of street main. These tests were made when naa 
pipe systems were new and before the introduction of service pipes. 
7 They di did not include such | breaks as wou!d immediately appear on the a 
; surface, but did include some leaks from porous castings, faulty joints Pay 
_ and imperfectly packed gates that were noticed subsequently. The 
_ quantity was determined by plunger displacement. It is one dis- = 
advantage of a gravity supply that the quantity of water discharged « — 
by a leak of considerable proportions cannot be ascertained so readily ao: 
or the time of its commencement recorded so clearly as it must be in 


— NSUMPTION AND WASTE OF a 
DISCUSSION, 4 
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Joun THomson, M. Am. Soc. C. E.—In a general way the speaker 3 Mr. Thomson. 

_ was somewhat familiar with the statistical data contained in the paper, 


ut their arrangement to denote the different classes of use and waste 


- aa only seemed to be novel, but, in his opinion, is highly valuable. 


4 Thus, as shown in Table No. 2, it seemed surprising that portions of 
- the domestic service in Boston, Newton, Fall River and ‘Worcenter, and [a : 


_ the entire supply of Yonkers, under the reli atively free direc 


through meters, should be p practically r no greater than in the ins 
cited from two districts in London; and this is especially remarkable — 


should it appear that the London districts were partially or wholly © 


under inter mittent if the ‘suthor can answer as to 


hen paid for according to ‘the quantity drawn, neither leads 

Although av avel erages are deceiving and uncertain, enoth 


might be made from this table by the sum 


d _ conditions of serv ice cited, this giving an average daily 1 use of 24.5— 


901, the author’s data furnish material for exercise, 
is interesting, as well as suggestive, in the instance of Yonkers, to 


- divide the per diem loss” of 1010 000 galls. by the entire number of 


servi ices, 3 504, thus finding that a leak in each, or a loss in registration a 
c by each meter, if all were meteréd, of 288.7 galls. per day (about 12_ 
_ galls. per hour) would account for the quantity lost. Now, et 


the water in Yonkers i is than that of the average W yater-— 


be delivered in one year 3 504 ‘thin having 
edged orifices of but 0.03-in. diameter. These figures 


is subject ; ;* but the premises have aan somewhat, an and i in a oa 
nt this should not stand in the path of a pr 7 my 
Nevertheless, he was not ready to admit that there is any saan ra : ; 
mpting te measure water, through meters, by the drop. In Woon- 
_ socket, R. L, , where 62 000 000 galls., or more than 30% of the quan- 
tity pumped, is unaccounted | for anoually, ‘this amount is equiva alent 
to but about 110 galls. per service daily, and than half the amount at — 


The author has referred in general t terms to the different causes of © 


the Game Worth the Candle?” Journal of the New England Water-Works Associ- 
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of water,” ’ but stated that i in this « connec ection it may be of inter est to 
one instance where the experience was dearly bought. 
_ About three years ago many of the clubs and theaters of New York A 
City were notified by the Department of Public Works to apply m: meters, 
among the number r being | the Enginee ers’ Club. No protest was made 
and a meter was applied. Several months ago ‘the first bill was ren- 
4 dered, covering about 16 months, showing a consumption of 2 207 250 
galls., the amount due being $294 30, or a little over $18 per month. - 
The aforesaid quantity averages @ trifle over 3 g minute for 


the engineers of the w are dine members of the 
were failures ; the bill stood and the club’s treasurer begrudgingly — 
pon investigation, it was found that a stream had been run-— 
ning constantly, night and day, first toa tank on the roof and thence — - 
through the overflow to the sewer. _ Since that experience the con- ha 
stant flow has been stopped, and the club is now paying about $6 — 
a ‘month instead of $18. A few of anh a, in one system, would 
“necessary. 4 This query arises : a case, say, of w weber: sear 
ity, would not such useless wastes, even if paid for, be bordering upon — 


contributory criminality? 


conclusion, reference was made to the assertion on page195,which, 
however, was presumed to bea quotation, referring to the city of Buifalo, 


an) that “the people are not in favor of meters,” by this conveying the — 

that per contra the people are in favor of being taxed to increase the _ 

_ present enormous wastage. To this statement, the speaker took direct. 

_ exception, for he believed that in every suc th case, if the ‘matter were — 

y presented to and were directly dee ided by the ‘citizen 

~payers, they would simply act “upon business principles. Wouid a 

private water company act otherwi ise than as here intimated? Then 
why should a mutual company make it possible for cotein of its 
beneficiaries to take adv antage of the others? That such ® question — 
hould s so frequently be up, as if for argument on the merits, is indeed © 
remarkable in a way. And yet there is ground for the opposition. 
Thus in a report just published by the superintendent of the Richmond Ph 
Va., Water-Works, he says: ‘‘I do not exaggerate in saying 95° of — - 
those paying for water by meter measurement have saved largely in © 
their water bills, and are pleased.” But in the “conclusion | of his re 


port, this significant statement appears: ‘ T have said before, however, | 
a: that our City Council is opposed to the meter system.” And there’s 
4 the rub betimes; for the beneficent glory of politics, and even the exer-. 
cise of of the engineering function, may be thought by some to be the 
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better (to the pop slace) by the ‘puilding 0 of Mr. Thomson. 
? public works than in the conserving of that they n¢ now have. Between a 
_ politics and engineering conservatism on the one hand, val the exX- 
. ; ceedingly difficult practical requirements on the other hand, 
: growth | of the > meter service has been tedious, a life that has resulted ; 
simply a as as survival of the fittest. But as Tyndall has | said, “ the 
_ plant may be all the hardier for the buffetings it has undergone.” 
- Thus, less than a decade ago, the total number of meters made per _ 
i year by all the manufacturers of the United States did not exceed | = 
1 > 000, whereas the output for the year 1895 will not be far from 50 000; 
and the relation of these figures, say as 1.535 5, may be taken to fairly 
> represent either the growing necessity for the employment of water | 
meters or the increase of sentiment favorable to their adoption. de iin 
wa J. ‘R CroEs, M. Am. Soe. C. E. —In the city of Tankers, N. ¥., 


cistern above from which water is a filter 
of gravel and charcoal. The pipes are connected with the city mains, 
and when the in the tank runs low, the city 
mitted throug . Assuming: all the. seinfall to be 


the consumption of oles in this dwelling for five years past, as 
deriv ed from the quarterly reading of the meter and the records of — 
rainfall in Yonkers, has be been as shown on the following table: | 


b t . . 


August 3ist, 


February 28th, 1891 
May 3ist, 1891. 
August 1891 

Novewber 30th, 1891 


3ist, 1892 ... 
August Slot, 1892.... 
November 30th, 1892 
February 28th, 
May 3ist, 1893 
August 3ist, 1893 
November 30th, 1893 

February 28th, ‘1894 
‘May 3ist, 1894 

August 3ist, 1894 

November 1894 


im 
| 
— 
4 
wae 4 
—_— 
iz = s, in which all the rain water — 
| ——_house occupied by a family of five adults, in which all the rain water — 
‘ 
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Mr.Croes. The mean daily consumption for 1826 days was 26.94 cu ft., or 
galls. Omitting the four periods of excessive rainfall, marked in 
- the table with an asterisk, when a portion of the rainfall was wasted 
by overtiow from the cistern, the mean daily consumption for 1 461 _ 
days was 24.61 cu. ft. or 184.5 galls., being 36.9 galls. per head of oc- 
eupants of house. The fixtures in the house are kitchen range and 
boil ar and sink, washtubs, three wash basins, batht ail 
ow ater- -closets, and water is used freely. 
_ Water is not used for lawn sprinkling nor for street or pavement 
washing, but in summer some water is for hand of 
Mr. Kuichling E. M. Am. Soc. C. E called ai 
a i. the great value of the data presented | by the author, and was much | 
ry - a interested in the recemmendation that all of the water drawn from 
_ the mains for private consumption should be metered, inasmuch as 
he hi had the same measure for many years “past, and w 


peerage meters are not extensively used, and pointed out that these 


= were particularly important in de termining, on the one 


hand, the necessary storage volume that should be available in the 
reservoirs of gravity works, and on the other hand, the reserve engine 
capacity needed in pumping works. For such purposes, data of con-— 
_ sumption and waste | derived from averages are > of little value, since 
_ the governing figures are necessarily the maximum quantities which — 
y 4s occur using comparatively short periods of time, such as a few days, — 
Tn illustration of this point, the speaker referred to the author’s 
about 6 galls. of water capita are daily i in 


~ pipes in buildings. From the er, it is seen that the 
§ difference in consumption between the winter months and the preced- 
= and following months of November and March amounted o on the 
an “8s average to 8 225 000 galls. px per day, y, for the period from October 31st, 

1892, to April Ist, 1893. Assuming the population at 430 000, as given 


in Table No. 3, the av erage waste during the winter months is thus — + 4 


- found to be 19.1 galls. per capita per day, or more than three times — 
average distributed through the entire year. Iti is to be: regretted 
that the author did not give the figures for the maximum loss from the 


- would have been disclosed. a In the case of several small cities, the | 
aste very cold. has actually amounted t to or four 


cause mentioned, as it is very probable that a much larger proportion 


&g 
a 

|. a 
q 
— 

4 
— 
one city of about 160000 inhabitants, the consumption for 10 days 
| 


DISC U SSION ON CON ‘SUM PTION: AND WASTE OF WATE R. 
ie and after a severe blizzard last winter was at more than double r. Kuichlin 
the rate prevailing in May and November. Examples of this kind are 
in with other data ‘relating t to the use and 
s, as they "justify an 


“making a a intel ‘estimate for pa reserve engine pow er or storage 
in the design of uew works. 
speaker also called attention to the particular desirability of 
meter system in the case of water-w« works ks which are are supplied 
_by a grav rity conduit, and to the fact that w w vhere meters are extensively 
used the weekly and monthly consumption of water is very much more 
- uniform than in places where meters are not used. Datain support | 
of this fact are not frequently met with, owing to the pasa involved in 
ifying the numerous accounts, and the following statistics | which | : 
compiled “under the speaker's direction i in the water department 


2645 Merers Durine THE Fiscan Year 1891, 
DurinG THE Fiscat YEAR 1893-94, IN THE Crry oF 


rer, N. Y., FoR THE DirrereNT Uses INpicaTED : 


“Year. Cubic feet. | Cubic feet. ot) tering. Cubic feet, 


4 
J 
“April, 1 671 570 7150 | 4055748 | 9 468 
‘May, 332 223 | 3865201 9 085 733 
1 583 679 72401 | 3774190 | 9130270 
July, 1627 647 | 4215141 9419476 
“August, 1431 856 5907 | 4217450 | 9774713 
September, 1 419 741 8 238 3 952 164 9 550143 
October, 1481 273 2925 | 4083003 | 9712201 
ee: ° 703 71 598 4 254 038 9 798 339 
‘Deemer, 3 668 970 8 841 


454 127 


8038 


July, 1588 105 4445094 | 10 763 780 
August, 1600 848 327 96 4444586 | 10.373 398 
December, 1 471 543 51903 3591245 | 9524691 
; 1 638 259 57 307 | 3772614 | 9878180 
1 640 456 93 | 3681974 | 9909123 


Averages for three snmmer months..... 32 4563623 4382513 | 10540459 
Averages for three winter months. 4'9 4 404 301 3 781 944 9769 664 
Averages for twelve months,...... “ 4 401 526 | 4170755 | 10 074 247 


a of the city of Rochester, N. Y., were submitted. The uses of water 


a = that, city were divided into tl iree peers class 
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DISCUSSION ON CONSUM MPTION 


uses of water in restaurants, 
- commercial buildings with oflices and apartments in upper wale, 
stores, warehouses, livery stables, barber shops, bath houses, and public 
and charitable institutions; 3, manufacturipg consumption, embracing» 
{ the use of water in breweries, distilleries, paper mills, flouring mills, 


+ 4 formity i in the monthly consumption of water “ey the three different 
classes of consumers, the extreme variation throughout being only 
_ about 10 per cent. on On the other hand, the rates at which the ) water is” 
~ actually used throughout the city under the same conditi 
co 4 ure differ widely, according to the season ; and this fluctuation in con- 
4 sumption must therefore be due tothe very large number of unmetered Fa 3 
serv ices. Ina grav ity system, however, which is taxed to its utmost u 
- capacity, the ‘supply is prac tically u uniform, and periods of of max imum — 
/ consumption cannot be tolerated without rendering a water } 
‘imminent, but by the general use of meters it is possible to avert such 
a8 calamity by rendering the ccpmemyton nearly uniform throughout 


the year, as shown i in the statement. 
> 
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— 
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CORRESPONDENCE. 


water in the large cities of the United is a The 
_ paper is a praiseworthy attempt to give more valuable light on the 
subject, as to its cause and prevention. "The marked difference be-— 
—_= the rates in small cities as compared with larger ones at once - 
suggests new demands i in large cities which hardly exist in the sma aller. a 

The writer was much impressed by the classification of pl 

- daily consumption in Boston, namely, 75 galls. per diem per capita, 

showing for industrial and mechanical uses, 539%; domestic uses, 40%; 
and public uses, 7 per cent. This at once calls to mind the importance a 
of modern demands: for water by hydraulic elevators and water motors. — 

_ Both of these devices have now become firmly established as public — 
necessities, and their number is rapidly eaaiigipang every year. They 

have no equal as extravagant consumers of water, as instanced ps the a2 
fact that special rates have to be applied to such cases, otherwise the 
water bill presented at the close of each ‘month vould la 

_ Theauthor’s respect for meters as a preventive of waste in general — 

and wilful waste in particular will be shared by every fair-minded 
person. They have done and are ¢ doing an invaluable service tow ard 

_ establishing: and maintaining wise ec onomy. The writer thinks it 


_ proper to mention one feature about them which, in all fairness, needs 7 
to be studied. He has reference to the ratchet meters, which not only 


"led attention was first called this. in 1885, but he to 
follow it up. In 1889, at the ninth annual convention of the American — 
; _ Water-Works Association, Mr. James P. Donohue, of Davenport, la. be? 
. called attention to unquestionable proof of the fact which came under 
his own n notice. WwW ith the general introduct tion of elevators and their | 
accompanying pulsations or water-hammer, there is a new element of > 
_ disturbance entering into the problem which will have to be faced and 
; properly solved by the meter manufacturer. A single elevator affects — 
the record of all such meters within many blocks, which happen to be © 
3 - attached to the same main. © It is manifestly unfair to have pulsations a 
in the water main charged to the consumer's account. 
=) As to the proper allowance per capita to adopt in designing new 7 
ater-works there is plenty of room for Giteenes of opinion. The 
_ best | data available as a guide are supplied by past experience i in the — 
ume line. Looking back and comparing preliminary estimates with 
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NC E ON CONSUMPTION AND Ww ASTE OF W ATER. 

nere is every reason to believe vega the legitimate 
capita 9 will i nec 
a, large city at a lower rate than 200 galls. per diem per aan. wv aie 
Mr. Cuemens Herscuet, M. Am. Boe. C. he lesson to be 
a learned from the paper as to 


To meter large quentiiies of water, the paper one moter 
+ the Deacon waste water meter. It is built ordinarily i in four sizes only, 
a 4in., 61 in., 8 in. and 10 in. diameter of the inlet and outlet ; pipes, =i 
4 the design of the meter is such that larger sizes are inconvenient in use 
or impracticable. The horizontal motion of the water in the inlet 
pipe is turned in a vertical direction, is passed through a circular 
 & slot, and is then goose-necked back again into a horizontal = 
tion. As a consequence, ‘it is impracticable to use such a meter 
= ith an inlet pipe more than 10 ins. in diameter, as it would make onl 
Pe 4 whole apparatus too cumbersome. There is also the necessity of set- 
ting a by-pass, for the slot is liable to clog up, , and at at any and all 
ae the Deacon meter is a great slaughterer of head. As a ‘meter, 
the apparatus is doing well, when it measures within 5% of the truth. 
Indeed, its principal function is not to meter, but to indicate relative . 
fom through the pipe under examination, and to draw a diagram of of 
the relative quantities passing. ow 
- The use of a meter on mains of any | size and on all the principal | 
pipes of the distribution system of a city is, however, perfectly feasible, 
- and would contribute largely to an economy in the use of water. | The 


writer has $s many times stood by the side of 8 a black and silent 16-i 


i. and wished there were some way of readily procuring a record of what 
was going on those and silent confines of the pipe. In 


of hen rs, until | now, if if the writer one to lay a distri ibution 
_ he would certainly place 1 meter | tubes i in the line of ever ev ery size oe 
_ pipe laid, and at frequent intervals; so that a strict account could be ; 
kept at any time of the actual distribution of water within districts of 
The meter tubes referred to are those of the “meter, 
g adnan’ in the Transactions of this Society, and now forming an article 


ow commerce, both in the United States and abroad. he meter- tubes 4 


q 
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= 4 sss and their cost is about three times that of an equal length of plain an 
pipe. No by-pass is needed, or has ever been used, to the writer’s 
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: know ledge; the head lost is a trifle, not so much as is destroyed t by an Mr. Herschel. 
check valve. Any size may be fitted with these 


or rte a of the of flow, or beth: 
these functions simultaneously, is applicable to any size of meter tube | 
por meters the water passing it within 4% of the truth, forany sin- 
gle record reading. This register could readily be used as a portable : 
; register, and be | connected atw will with the > selected meter tube by two 


would be se way to set the aie apparatus; the meter tube 
eet in n the line of the street and constructed so as to 


x any convenient nena within 100 or 1 000 ft. of the tube, and connected 
with it as described. Where used simply as a meter and to register == 
a; total quantities passed, the register is set permanently i in some conve- 
of nient place, n not too far from the tube. Many + such meters have been 


doing daily service for the past three years at home and abroad. ie 7 
It is time that civil engineers recognize in their general practice — 
_ that a pipe conveying water need no longer be the dead, silent, secre- _ 
oo e factor it usually is, or as it has above been described from old-time 
7 rec recollections of the writer's practice, but that the introduction of a Ven- 
_ turi meter tube in the line of a pipe can cause it to speak with accu- 
racy and precision respecting the flow of water within it at any desired 
tim 
- water within them, and were systematic atioona of this flow kept in 
cities, the waste of now furthered by the of all informa- 


_Ronerr Cantwr RIGHT, M. Am. Soe. CE —The: writer read the paper 


ae neerar tin of some 30 years with the manufacture and distribution of 
illuminating gas has convinced him of the necessity of placing some > 
7 restraint upon the prodigality of consumption so prone to the Ameri- ; 
can people, and which has given rise to the trite saying that ‘‘any other — 
nation in the world could live well upon | the waste of the people of the 
No doubt much of the waste of water results from the parsimony 
of landlords in saving expense by putting in cheap plumbing and ma- 
terials, and the running of water to prevent freezing, as s shown by the 7 


| 
a 
its little pipes Conveying pressure, hot a stream OI water, Irom the tube to 
7 
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record of brok and 6 pines wasting 1 000 calla 
q 
tribution to the profession. He fully agrees with the author in his 
by conclusions, that mainly by the metering of all services can the 
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without to the or thes quality of the 

4 and in unlooked-for ways, as in the facts herein given occurring in the 
4 writer’s experience. In Rochester, N. Y., all sprinkling of lawns has 7 
been prohibited for some years, owing to the water not being avail- | 

able, by reason of la lack of facility to convey ey the w Ww vater. falla new 

< supply main was completed, and citizens now have the opportunity of 

7 using all the water they wish, provided they purchase such meters to 
‘register the consumption as are tested and approved by the water 
Officials. Wa ater is supplied at the > rate of 14 cents per 1 000 galls. 
The writer availed himself of this provision, and after due considera- 


most accurate, simple and economical for his uses. The meter was 
i tested in his presence by the water officials, and sal absolutely cor- 
rect at both maximum and minimum flow. 
wk. The: writer’ 8 residence was built in the fall and winter of “1892, and ol J 
was equipped with the best plumbing to be had, bothin workmanship _ 
3 and materials. T he meter was set and put in operation Saturday, May ; 


d 


“Sth, 1895, | at ‘noon. ‘At 10 p. M. that night, the registry was somew hat 


tion and investigation, naturally selected a disk meter as being the j 


part 


$ sur ‘prising to the w writer, ‘as it indicated a remarkable industry on the 
"4 part of the meter. Absence from home prev ented another inspection 
until 6 o’clock p. m.on Monday, May 7th. Surprise gave place to dis- 
7 gust when the register showed 476 cu. ft. as having passed in about two | 
_ and one-half days, and a remedy was sought. 7 he water is supplied — d 
by an independent } pipe from the street main to a tank holding about — 
100 galls. in the attic, and fitted with a valve controlled by ball float. : 
An overflow is provided from the tank to the sewer in case of any acci- : 
- dent to the float valve. From the bottom of the tank, connection is" 
a made with the house system of piping, with a , cock just outside the 
tank. In ease of a lack of pressure in the street mains to raise the 
a _ water to the tank, a by-pass is placed in the cellar, between the inde- 
pendent riser and the house system and fitted with a j-in. globe valve. 
Wi ith this arrangement, an approximately constant and reduced head — = 
3 is ; maintained on the house system, when the by-t -pass is shut. 
An examination of the float valve resulted in putting a new seat on 
it, although the leak was trifling. When the water was turned on 
J after making the repairs, the tank began filling, although no water was — 
passing the float valve. This proved that water was coming via 
by-pass, notw ithstanding the valve was closed. The ‘cap of the 3-in. 
__ by-pass valve was removed, and showed that the seat had never been 
- put in, and it had evidently been sent from the factory in that a 
tion. Here, was the solution of — A new seat 
For over 
through 
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“families in the interim. night inspection and of the 
Ww aterphone would have detected this loss. This is only one instance : 
rhere the application of a meter divulged the waste , and undoubtedly 


ing o of water as having a influence u upon ‘the majority of 
‘sumers, ‘since w vhen. a check is placed upon the consumption of w ater 
in the shape of a tell-tale mechanical watchman, the party paying the — 
a bill is very apt to count the cost of carelessness or indiscretion, and 
will prevent a waste that otherwise would not be considered In fact, 
the w writer believes that a meter case without any works inside, applied | 
to a service, would serve an admirable purpose in reducing waste i ~ 
For years the writer has been convinced that the metering of every - 
“water servic e (the meter to be furnished free to the consumer, as is the fe 
case” in illuminating gas supply) w ould” cost less in the outlay for . 
_ meters than the outlay for new conduits, 1 reservoirs and pumps, with 
their maintenance, to say of the waste of w 


hich will curtail and the: Ww aste. Nop priv ate 
long carry on the business of pumping and supplying water when no 
check is placed upon the and yet almost 
The da daily use of water in the writes family is is as follows: The a 
family consists of six adults; the house is fitted with bath, two vo closets, _ 
_ two wash basins, three stationary wash tubs, beside kitchen and pantry 
supply, and embraces 19 faucets. The minimum rate of water used is — 
«16 cu. | ft. per day, the maximum is 54 cu. ft.; the average for about __ 
three months is 34.83 cu. u. ft. pe per day, sly being the - lowest and % 
Mondays (wash day) the highest. a This shows an average use of 261 i 
; galls, per day for the family, and an oven? = capita per day of 43.5 — 
According to the author's statistics, Philadelphia, Pa., uses 150 
d Buffalo uses 252 war appt per capita per day, and the questi ion 
forcibly presents itself, What shall the engineer assume as a reason- 


™ 


when every water service is me hones 75 Senile. per capita 
an provision for a 


is now very rapid and is fast becoming serious matter. In many 


— 

ii 

— 
a 
it 
— | 
f 
2 

per day would 

ase in the per Mr. Mead. 

large their works fast enough to keep up with the extravagant use of 
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PTIO? 


wasted, and in instances much better results. 
a 


w ould be obtained if the city officials confined their attention. to the 

re _ restriction of waste rather than the enlargement of the works. __ nia 

In the fall of 1894, the writer was called to examine and report on — 
+: 


e colengunens of the water- -works system of the c city of Rock Island, 


the Mississippi River. “Ww hile havi ing a of 
 memetvaing establishments, it has no great manufacturing interests 
a= would consume large quantities of water, and there is no ap- — 
reason for the excessive of water is takix taking 


ascertain the rate of for diterent portions of of the 
_ 24 hours, observations we were taken for two days" in September and for 
~ 4 the three days, November 30th, December Ist and 2d, 1894. From the 
4 half-hourly readings of the pump counters, Fig. 2 was plotted. It 
_ will be noticed in the part of the diagram for September, that the + 
_ minimum rate is almost 73% of the average, and about 56% y Of the 
maximum rate, the minimum rate at night 1 400 
minute, In November and December the average minimum rate is 
about 90% of the average rate and about 729% of the maximum rate. bi 
While the maximum rate of 2 500 galls. per minute in September has 
fallen i in n Nov rember and December ‘tol 1 per 


— > 
a - @ 
a 
— 
al i) "Phe following table gives the average daily consumption per capita | 
for each month of each year since 1889, and exhibits the excessive con- 
— sumption in that city in detail. or: 
‘Tanne Consumprion or Water at Rock Isuanp, Inn. 
— $= AVERAGE DalLy PER CAPITA FOR EacH 3 
— 13 596 | 140 287] 152] 154) 153) 152! 158] 153) 143 135 
= 1890,....| 18890 | 1702395 | 121 | 121) 190) 109, 97) 109| 116, 147| 155| 146| 145, 114| 116 
— 1891.....| 14180 | 2020372 | 142 | 110| 112) 104) 106) 133) 172 176) 168 138, 144) 132 
14465 | 2105836 | 144 | 134| 128, 122| 158) 150) 149| 145 
14745 | 2174031 | 146 156) 158) 144) 158) 158) 159) 170| 143 140, 1290 
— 1894.....| 15020 | 2528509 | 167t | 133] 138! 136 185 172|....|....|.... 
4 
— 
~ 4 q 
— 
ma 
— a q 
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GEPTEMBER 6, AFTERNOON 


667 891011121 2345 67 8 9101112 _ 
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SEPTEM 
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HE UPPER SCALE Is FOR DOTTED DIAGRAM 
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TEMPERATURE OF AIR 


2P.M.. 
| 92 66 
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Mr. Mell 


NDENC E ON CONSUMPTIO 


eon the r capacity of 
irregularities in the diagram can probably be slammed for by ~ 
- able irregularities in the reading of the counter, | 
ee 3 shows the mean curve of the rate of consumption of water — 
at Rockford, ‘TL, for six days in June, 1895. Rockford isa city of — 
about 30 000 inbabitenta, and the average consumption of water is ; 
about 90 galls. per capita, considerably less than that of Rock Island. _ 
_ The large consumption of water during the night, when the consump-— 
‘7 tion should be relatively small, would, however, seem to indicate an 
excessive waste of water. The diagram shows the large consumption 
a ong the eguinkiing aes and the effect of a higher temperature on 
use of water, 
Auten Hazen, Esq. —The statistics on page 219in regardtothecon- __ 
‘sumption of water in 30 cities in Germany and German Switzerland 
have been taken from the excellent: ‘statistical report o of the German 
. Society of Gas and Water Experts for the year 1893. This report | 
contains statistical information with regard to 75 water-works, - ea 
which the 30 were selected, either because the statistics were more — 
- complete than for the others, or because the cities were lar ger | and hav 
- greater interest. The quantities” are stated in the origi report in 
q cubic meters annually for the entire city, and have been reduced to 
gallons per inhabitant daily by the use of a slide rule. They are 
thus only approximately exact, although it is believed there are no 
_ large errors, b bee cause the t totals have been checked eine the sums of th 
vario parts in each case after reduc’ tion. 
ia addition to the data given in the table, ore report contains — 
: 4 detailed information in regard to the quantities of water used for the 
_-various public purposes in many of the cities, although the quantities 
a of water used for ‘different | purposes are often n not stated in full, a 
tie ularly where the total quantity for public purposes is but small. ; 
_ ‘The water-works themselves require a quantity of water 1 
1 _ from nothing to over 6 galls., and averaging for 16 cities 0.54 gall. per 
inhabitant daily. Street sprinkling requires from 0.01 gall. to 1. 
galls., averaging 0 0.34 gall. for 28 cities. A further ‘quantity o 
7 _ ‘ranging from nothing to 1.35 galls., was used for watering parks, and 
averaged 0.23 gall. for 22 cities. Ornamental required from 
—O. 01 gall. to 3 galls., and in one case 6 galls., averaging 0.66 gall. for wh 
26 cities. Drinking fountains required from 0 0.01 to 5.2 5.28 galls., averag- 
ing 0.95 gall. for 21 cities. a Flushing and washing gutters required wy 
from 0.01 to 0.49 gall., averaging for 7 cities 0.08 gall., and wigs a 
wha =— required from 0.01 to 1.52 galls., averaging 0.42 gall. for 17° 
cities. Public closets ts required from 0.02 to 1.69 galls., averaging 
0.53 gall. for 26 cities. From 0. 001 to 0.63 gall. was — 
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 ethenidnn fires, averaging 0.07 gall. for 18 cities, but in only two Mr. Hazen. 
es was the quantity above 0. 025 saa Miah cities report water _ 


for purposes not ranging fr fro om “oe to 4. 43 


is higher than the 3. 61 Ww hich ithe 


re q ity 
for all public shown in the — 


Use or Warer IN Some GERMAN — PER Caprra Dans. 


Consump- Public | Private. | Private. Not ac. 


tien. | purposes. Metered. | Estimated. | counted for. 


Altoma....... 
Barmen .... 
Basel ... 


105 712 
107 085 
280 200 
155 900 
‘Elberfeld......... 187 000 
200 
...| 583 700 

976 

120 000 

- 74200 
72 000 
162 000 
198.000 
298 000 
000 
.| 139 200 

66 000 

61 032 

96 650 


= 


1 


No separate accounts are kept of the quantities of water used for 7 


ise nufacturing and domestic purposes, both being classed as water sold _ 
Yea paid for. Manufacturing i is extensive ly carried on in many of the — 

y _ cities, but the writer judges that a a much larger proportion of estab- . 
_lishments have their own independent and cheaper supplies than is 


_ case in America. This is amen ularly the case in Bestia, a 


; obtained, but is not allowed to be used for dom ioctl. 


The Berlin water-works afford an unusually interesting example of 


= 
iis — 
but owing to the incompleteness of the returns, and to the fact 
probably many of the cities use no water for some of the et ila 
2008608 | 26.97 | 1.63 | 16.48 |............| 0.99. 
4:94 | 0.79 | 11.40 (12.50 | 0.25 
— 
— 
— 
— 
as 
— 


a 


zen. accounting for all of the water pumped. — 

maar translated and s slightly condensed from the annual report for 
1892-93, and indicates only 24° of water lost through leakage, u under- 


Registration of and 1 other causes: 


I.—For water-works purposes, feed water for boilers); 
and testing meters 533 
II.—Supplied without payment for public purposes. 
Sprinkling public parks and gardens .. 264 986 
Cleaning public monuments 
Fourteen public ornamental fountains. . 702 079 
_ Used by seven public closets and urinals . 
- Used for military telegraph station............... 
for flushing sewers .... 


— 
0.004 

0.578 Ts 


q 


fires . 
Street sprivukling 
Watering trees in public streets 
— Used by 140 public closets and urinals 
At the “Urania” exhibition......... 
_ To this add loss through leakage, emptying and 
filling mains, under-registration of meters and 
some special uses......... 


0.880 


wooHo: 


a Iil.—Used and “paid for by water-takers by meter) 
measurement 34 448 786 
The water is thus divided as follows : ols 
I.—Water-works purposes 583 
II.—Public purposes without payment and 1088. ....... 5 290 603 f 


III.—Paid for by water-takers 34 448 786 86.044 15.276 


40 035 922 | 100.000 


water aaited. an dienenes of 10% is made for the slip of the pumps. 
wie In regard to the ‘meters it might be said that in general all the 
water ‘used in an apartment house is measured at one place, and paid | : 
for by the owner of the building, but on large services two meters, a ; - ¥ 
large and a small one, are used, the larger meter registering the flow — 
when the e velocity exceeds 1 the capacity of f the smaller meter and the | 


ith the ‘meter. ‘The water is automatically taken 
through either one or the other of the meters, according to the velocity 
passing, and the sum of the quantities registered the total quantity 


0 
1 115 063 785 
5290603 | 13.215 2.343 

ued 
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_ DEXTER Brackett, M. Am. Soe. 

“inquir: y, the author will say that the Renton distric ts were > under con- 
stant supply, and the conditions were practically the same as in the — 
case of Newton, Fall River and Worcester. The experience of the New | 
~ York Engineers’ Club is almost identical with that of hundreds of | 
water- ‘takers Unseen leaks: are to continue for years, until 


_ Mr. Kuichling calls attention to the fact that the quantity used in — 
the different is much more uniform when the water is supplied 


of The property- owner finds a way to protect 
= service pipe from freezing when he is obliged to pay for the water — 
if While the author agrees with Mr. Le Conte that there will be in 
the future a legitimate increase in the per capita use of water, he does ita 
not believe that a supply of 200 galls. per head should be provided = — 
for our large cities. The use of water for hydraulic elevators and —_ 
motor should not be raged, exe Ww here is ‘unlimited — 


- 12 ins. would be cumbersome, but for general use in waste detection : 


sizes larger than 6 ins. are rarely, if ever, wanted. * The 6-in. meter is 
the only size found necessary in Boston, and in England the “ in. meter 


“4 
“isverygenerally used. 
_ An experience of 15 years has never shown any necessity for he 


jag the meter on a by-pass when used i in connection with a pipe of the 
‘same size, on account of the danger that the | waterway may become 
clogged, or because of the head lost. The custom in England is to 
place the meters directly on the line of the pipe, but the author has 
found it more convenient to place them under the sidewalk on account 
of convenience of | access, and for the further reason that the ¢ 6-in. 
me ters are are often used in connection with 12-in. mains. 1s. oan 


ce As the area of the waterway through the meter is equal to or larger a 
of the pipe with which connected, it is difficult to under- 


meter, and, a ‘as the veloc ity through the meter seldom exe seeds 5 5 ft. per 


the head lost isimappreciable, 
a Mr. Herschel claims that in the case of the » Venturi meter no by- . 


pass is needed, and that the head lost is a trifle. In the Venturi 


‘meter, as ordinarily made, the throat of the meter has a diameter one- 


third that of the pipe, with one-ninth of the area, and the velocity df 
the water is consequently a nine times. It would seem prob- | 


rackett. 
— 
ré 
4 | 
travagant use of water during the summer, and the waste to prevent 
— 
iii 
. 
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_ as the square of the velocity, and that the quantities measured by the _ 4 
_ 6-in. Deacon meter vary from 1000 to 15 000 galls. per hour, it is 


| a 


| 
ON CONSUMPTION AND WASTE OF 
3 f = | e that a 6-in. pipe contracted to an opening 2 ins. in diameter would — : a: 
more liable to cause loss of head ina pipe system than the full area 
waterway of the Denconmeter, 
Under some conditions, in large mains for example, where the 
changes in velocity are not great, the Venturi meter, without doubt, 
give good results, but when it is remembered that the head varies 

i 
rF — ey ident either that the head lost at the higher velocity will be ex- a oa 
4 i cessive, or that the head at the lower velocity will be difficult to — s 
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TRANSACTIONS, 


Nore.—This Society is not responsible, as a body, for the facts and 


in any of its publications. 


"SEPARATE SEWER SY STEM WITHOUT 


F. S. Opetn, M. Am. Soo. CE 


Reap at THE ANNUAL CONVENTION, Jum, 1895. 


In the Transactions of this Society, Vol. xX page 29, the state 


made : “The flush tanks Ww hich make the 


are placed at the head of each 


w 


if not vitiate, the of suc ch a a ‘system 
supposed necessity for frequent flushing speedily brought into exist- 
a number of excellent devices for automatically the 


when fille d to a certain level, 


tO a cer 


the of flushin the 


5 
Age. 
“4 
| 
| 
— 
— 
— 
ment 
thi i enged 
fare, this statement remains unchallenged 
in the literature on this subject up to the present was held 
unless a system of sewers excluding storm water was flushed by 
—_the artificial introduction of water at frequent intervals, stoppages ft 
— 
iia 
Streams by which the tanks are 4 
almost as integral part of the separte 


SEPARATE SEWER § 


E. Worthen, Past ‘President Am. Boo. C. E, entertained 


ing the ‘whites ne of ‘frequent flushings of 
the capacity 0 of the a 


of the water s supply | to furnish even 


a — and to test in a practical 1 manner, on a ‘sufficiently | ‘extensive 


scale, how a separate system of sewers would behave when flush tanks 


—_ entirely omitted. The system of sewers, about 20 miles, was 


therefore | constructed without flush tanks. é Manholes were located at 


at 8 ins 


in ‘the usual m true to all es in direction 


being n made at manholes. 


7 ‘By. an ordinance of the Health Departmen t, all sur face and storm — 
— 
“water was excluded from the sewers, except that roof water ‘from one or 


two en at each summit ot or dead end was allowed to enter for 


oe flushing purposes. _ The > general inspector a also deemed it wise ‘to use ie 


additional precaution against stoppages, and therefore ordered fre- 
quent flushings from fire hydrants, introducing the water through nist 
t hol 
ose into manholes ‘along the line of sewers. 


he condition of things i in 1892, as 


ks under a new city charter, the author assumed charge of 
eo sewer r system. It was net without considerable trepidation and 


visions of serious trouble f from . clogged sewers, flooded basements and 
= cellars, that the work of investigating the condition of the sewers wi 


begun. ‘Frequent connections with the at that time ‘materially 
a aided in this examination, and disclosed | a very wholesome and satis- 


244 “2 factory condition indeed. = No deposits were found, no gases co could 


‘ 
be. detected, nor a any objectionable 


3 pass of th the city y became f flooded to a depth of 5 Sor 6 ins. ns An exs 


of the sew sewer in that "vicinity ; showed an abnormal quantity ail 
7 water standing 3 or 4 ft. in the nearest manhole. ( Continued observa- 


tion of t this locality at each recurring rainstorm ‘established the | 


med 


- 
— — 
Sewers WIth Such SMAll Qual 
nary flush tank. The inadk 
the small additional quantity of w >) 
— 
— ai 
sewers ; the minimum size of pipe sewer was fixed 4 
increasing in size in the district trunk sewers to 20 ins. they werelaid 
™ 
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ODELL ON PARATE ‘SEW ER SYSTEM. 


much was finding its way into the sew ers, and 


- while ne nat a little ¢ entered through the perforated covers: of the man- 


this time no > jurisdiction had been by by over 


the plumbing i in buildings connected with the sew ewers, and no inspec- 


tion made of any portion of the drainage s system of dwellings or 
balidings, save that portion oft the drain within the Timits of aie street. 
= It became nex necessary | to exclude storm ' water from the sew ers. An 


a ordinance was passed by the Common Council revoking all permits for 


connecting rain-water leaders with the sewers, one: an inspector was a = 
appointed to the ordinance A house-to- was 

of all 
nections 


since made are ct to inspection a and s storm- con- 


nections precluded. ‘Complaints of back water from sewers have 


ceased, and, so as known, water is | entirely excluded 


During the year 1893 flushing v was but 
quent: observations s seemed to warrant the the lengthening of the 


betw een flushings, until in 1894 ‘the in intervals were extended to six 
_ months, a and this period i is now regularly m maintained. p The spr spring gand 


- fall seasons are sel selected for ‘this work, there being an abundance of water — 
available then. It is ‘considered advisable continue semi-annual 


- flushing, although the n necessity for it does not appear. “7 In all net 


work the author is having direct connections made between the water 
mains and dead ends of sewers by the use of a 4-in. pipe and gate; with 


i s the work of flushing is done very quickly and ate : 


ft may be to ‘here that during years cov- 


"stoppages have have occurred. were occasioned by excavations carried 


“below the sewers, the pipes being broken from settlement of the 1e loose 
material; two more were caused by. bedding : and whole garments im- | 


properly permitted to enter the sewers; one stoppage 1 was the result of 


coal tar escaping from the and last not least, the same 
mischief w: was, the work of the roots: s of a willow “tree. Singularly 
enough, this last was the only sti stoppage ) in the Iai lateral sewers; all the 


: - others occurred i in district trunk sow ers, with a constant flow of sew- 


a 
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flush tanks all separate a sewer “systems, but to show they are not 


Mr. ‘Dannact, M. E. the v village of Ridley P Park, 


ie proximately 5 5 miles. 1 “The drains from the I houses to the s sewers are 3 ca 
to 4 ins. in diameter, and the sewers are 4, 6, 8 and 12i ins. in n diameter. as 
During the entire period of the speaker’s residence in the town there 
had been no clogging of the sewers, although the only flushing water 
admitted to them is a small amount of rain water at the ends. in an 
poLPH Herne, M. Am. Soe E.—The speaker was pleased to 
- see the } paper expressed the same views on automatic flushing which 
i had held for 16 years, but he was surprised to hear the author state it -— 


sary for the proper operation of the separate sy umn. = In 1880 he in- 
- spected t the e existing separate sewerage systems i in England, constructed 
- in accordance with the principles since largely followed in - this 
country, and they were not flushed by automatic flush tanks. _ He ex- 
amined them very earefully by descending into the manholes, looking 
up the pipes and otherwise at all places where they were accessible, 
and found they were kept in very good condition without the use of — 
h automatic flush tanks. He did not wish to be understood as 0} P 
posed to these appliances in themselves; on the contrary, he had fre- 
quently recommended them. Under certain conditions they are very | 
useful, economical and effective, particularly where the cost of water — 
is low enough to permit the use of especially large tanks. He had 
- found the automatic tanks of more e advantage on steep than flat grades, 
the advantage being that the bulk of the water passes through the — 
pipe somewhat like a piston, thus cleaning it more effectually. 2 the 
grades are light, dise harges | of 200 to 300 galls. generally 1 lose their 
flushing powe r after p passing a few hundred feet through the } pipe, , and 
500 ft. from the tank he had sometimes been unable to detect any dif- 
ence in the flow due to the operation of such an apparatus. W hile 
their use is to be recommended in many places, they certainly do not 


oF 


_ form an essential aed of the separate system of sewerage. __ 


— 
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and so far removed from the dead ends as to be scarcely suscept- = | 
ible to the influence of flush tanks, had they been in use. 
insufficient or costly supply of water, they may be entirely dispensed 
— 
> 
— > 
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CORRESPONDENCE E 
ow M. Am. Soe. C. E. —The author has 
;  — point regarding the relation of automatic flush tanks to 
_ the separate system of sewers in assuming that engineers generally 
considered them indispensable adjuncts to separate 8 ge. The 
quotation contained in the first paragraph | of the paper refers specifi- 
cally to the Memphis sewer system, and, like several other claims for — 
that sewer system which were made at the time of its construction, has — 
never been generally accepted as correct so far as the writer is aw are. 
If the the quoted s statement has remained unchallenged it in current litera 
if ture, it is, perhaps, because the flushing of separate sewers, » even 
_ though at times unnecessary, and the attachment to the sewer system 
mee of apparatus intended for that purpose do not in any particular affect 
prejudicially the operation of the sewers. 
a As the w writer understands the question of flushing, the prevailing 
: opinion among mesmo is that while the flushing of sewers may be 


sew ers is by confining water from a in 
at t the summit of a lateral then suddenly rele sing 
it, or by ‘means of a a portable flush tank; still, in cases s where frequent 
flushing is desired, the automatic flush tank affords an economical and © 
convenient means of accomplishing the desired result in the sper 

3 _ portion of light grade lateral sewers, which seldom, if ever, flow more a 
than amere driblet of sewage containing solid matter but partially — 
"disintegrated. The: question of flushing and the 1 means to that end are’ 


associated largely with questions bearing upon the maintenance and 


of | a sewer _ syste m after construction. determining 


should 
automatic flush tanks or devices be 
- weed. _ This observation may apply, not only to the separate system of 
~ sewers, but also in a greater or less degree to the combined system * 
~The tendency y of undisintegrated solids to deposit in the upper por-— 
tion of a lateral | sewer, and to thereby obstruct it, affects the flow of a 
_- er of heavy gradient much less than it does one of light gradient, 
as usually the accumulated head of sewage behind the obstruction in 
the former case w be to remove » while 
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We SEPARATE SEWER SYSTEM. 227 — 
— 
— 
| 
— 
— 
— 
— 
— 
— 
found necessary. In this connection it would be interesting to “a 
& _know the grades of the Mount Vernon sewer system. = 
far as the writer’s experience and observation affords a basis for 4 


flush tank is to a very limited length of sewer and 
in many it may be dispensed with v without prejudicially 


for preserv ing in the sewers of the separate or com- 
_ bined system, | and ¢ often even more efficacious than the automatic flush | 
tank for that pur pose. In one sewer system v which the writer designed 
he recommended an automatic flush only on laterals of less than 
0.5% grade. The system has now been in operation five years with . = 
‘record of but few stoppages. — The minimum size of pipe is 8 i ins., and 
all changes of direction are it in the manholes. 
Keynera ALLEN, M. Am. Soc. C. E. —The extent to which auto-— 
. a matic flush tanks may be omitted from sewers of the separate system 
a is well worth consideration on the grounds of both sanitation and 
« “economy. ‘It is a question of the relative amount of sludge to be 
transported and th the available grade. The writer thinks, tom the 
- wording of the paper, that the erroneous impression might be receiv ed 
3 that the accredited omission of flush tanks is a novel practice, whereas, 7 
since the suggestion of a separation of the house sewage in England in 
1842, by Mr. Edwin Chadw ick, and its introduction soon after, it was 
good m many years before what is known the automatic flush : 
was introduced into s sewerage wor ks. Int many instances the rain water | 
from leaders was depended upon; in others, as in Liverpool to-day, 
portable tanks are emptied periodically into manholes, while in others 


‘= 


system by 8 some method under ordinary ¢ but the « experience 


sewers, flush tanks are not as as is commonly supposed. 
effect of the flush, it is true, d does not extend far below the tank. - To : 


of the discharges from Rhoads-Williams tanks put in “th him at Fort 
‘Supply, I. T., some years ago. The results, which are given in the 
a following tables, were for clean and empty sewers, ‘receiving no other : 
er. The pipes were in in 2-ft. lengths and were laid to line and grade w ith 
exceptional care. gaskets were not used, the work was new and the 
: soil a perfectly dry open sand, it is probable that some slight loss from 
leakage occurred, but the amount was not ascertained. The results 
7 given are of course too ) meager it in number and the local conditions were were | 
im os too unusual to afford a basis of calculation for other v work, and are 
a _ given here as there seems to be scarcely any printed data on the sub- 
ject. They show clearly the limited value of the flush when there 
a a good flow of s sewage or a eemeeiiesnens in the times of discharge. aoe 
a 
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CORRESPONDENCE oN ATE SEWER 


aj Capacity, 360 galls. Time to discharge, 46 seconds z 


Reach. i -| discharge. | ™ximum | (ap- 
eet per prox mate). 


Capacity, 360 = _ Time to discharge, 54 seconds. 


waa 


Duration of 
1 front of depth on | 
Grade. discharge. invert (ap- 
Feet per | ge. proximate), 


Tank to Manhole 4...... 
Manhole to Manhole 5.. 


A dlight current was flowing through this reach at the time of discharge. 

230 galls. to 32 sec 


velocity, Duration of 


Size of crate | front of depth on 
discharge, |, invert (ap- 


Grade. 


‘Tank to Manhole 7. es ns. 575 ft, 2 
Manhole Tto Manhole 8. 6 260 0. 

6 a 321 “ 0. 
8 775 0.2% 


Capacity, 379 galls. Time to discharge, 1; minute. 


Duration of 
Size of front of depth on a 
sewer, Distance, discharge. maximum |invert(ap- 


= This reach was somewhat soiled when measurements were made. 


Maximum 


Tank to Manhole 11.. 6ins, | 435 
Manhole 11 to Manhole 12 on 


x e209 
— 
; . 
Gins. | 680 ft. | 0.52% | 3.27 ih min, 30 sec,| 3 toSin, 
| 


Assoc. M. Am. Soc. C. E.—The writer 
lieves that the author takes too literally the wording of the quotation | 
forming his text. He does not think it has ever been generally claimed | 
4 that ‘flush tanks’ ” make the separate systen 1 prac tticable, but it has 
undoubtedly been claimed that flushing does so, and flush tanks’ 
usually recommended and employed, and are cheaper and more reliable 
than flushing by means of a hose or other appliance when intrusted = 
eareless employees. The writer knows many engineers who do 
consider tanks indispensable. In most of the systems which he 
— designed he has recommended the use of flush tanks, but has suggested — 
other methods for attaining the same end should there be any reason — 
_ for omitting them. The experience of several of these systems which 
have for a time dispensed with them will be referred to later. Sas 
ea fter a careful reading the > writer | is in doubt whether the author 
wishes to ¢ challenge the correctness of the quoted statement should — 
_ flushing be substituted for flush tanks. He claims that ‘flush tanks 
* * are not an essential feature of * * * allsepar ate sewer SY ystems.” 


flushing necessary for all soperats | sewer systems, and als 
will give the minimum grades in the Mount Vernon sewers, 
ie average consumption of water per capita and the probability of 
= water entering the pipes to any extent through the joints. The 


data must be definite on these points, for if it shall prove practicable 

to omit flushing in any or all systems or parts of of sy stems, many towns 

hes contemplating constr ucting sewers may be spared considerable’ 
expense, both in construction and in maintenance. 

— writer’s experience he has flush tanks i in designs — 


his belief that no flushing would be required, but recommended a — 
_ flushing by hose at intervals of a few months. Both of these stee > 
lines, however, being on the outskirts of cities, are as yet unbuilt — 
cannot be quoted as examples of either right or ‘wrong construction. 
Bf they ‘shall prove to be the none flush tanks can easily be ‘added at ; 
as In two more cases where aia were different, experience did 
not favor the omission of flush tanks. In both these cases the grades" —.- 
were, with few exe ceptions, th those theoretically giving a velocity of 2} ft. “a 
per second, the | pipes were carefully § graded and jointed and no ground — 
water or mud could enter the sewer through the joints. Flush alee 
were provided for at the head of each branch, but not , set until the 
entire plant \ was completed. am Meantime, under pressure from many 
0 be made with 4 
= the : sewers and used as soon as an 1 outlet was prov ided. In each case 
these connections were used for two or three months before the tanks 
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CORRESPONDENCE ON SYSTEM. 

were in operation. At the end of that period | an an inspection showed Mr. Mr. Folwell. 

there were many from house waste, aside from those 


7 


would no not have existed were “all the properties along each Sewer 
branch us using it freely. . But this is a condition which is not found for 7 
7” several years after construction in many of the lateral branches of - . 
system. , Where the grades were steep, in two short sections they | 
exceeded 6%, no were discovered and there was no odor 
experience so short duration cannot be 
outweighing that of Mount Vernon. But the writer cannot see how a a 
— longer existence of the conditions would have improved matters or Pa 2, 
_ rendered the conclusions less favorable to the ‘necessity of flushing. — — 
separate ‘system as "generally constructed and “operated is dis- 
tinctly a water carriage system and relies for its success upon a cufi- 
~ eienc y of water properly applied. — Py If the ordinary house water answers 
Wo B. M. Am. Soe. C. —A of the M fr. Landreth. 


eh by some form of automatic flushing tank. As is well known, 
_ the water passing through a sewer must have at lest a certain velocity 
of flow to carry the heavier particles” of sewage and prevent th 
stranding i in the pipe. The minimum cleansing velocity depends up 
the size and rate of fall of the sewer, and the quantity of water neces- __ 
: — to secure that velocity must be supplied in some manner if the 
_ sewer is to be kept clean. _ If sufficient water were furnished from house — 
connections or entered the sewer through the joints, artificial 1 flushing — 
would be 1 unnecessary, ‘and the quantity of water supplied from those 
sources are important factors in deciding if automatic tanks are needed. © i. 
Both of the sources mentioned are uncertain and their combined flow 
difficult of determination, | owing to the fact that the leakage into the [= 
=! 
pipes generally decreases with the age e of the sewer, while the number ok, 
of house connections which will probably be made during the early 
Stages of its use can rarely be foretold. _ There seems to be greater -_ 
need of frequent and regular flushing during the first year ortwo ofthe 
use of the sewers than later, when the quantity of fe from ved mie 


| 
3 
| 


oe —— a properly designed system where the sizes or grades of the 
_ sewers are such as to give a cleansing velocity to the sewage when the _ 
pipes are running half full, as soon as sufficient sewage is flowing to — 
keep the sewer er clean, the flush tanks are useful mainly in flushing the _ 
‘Upper portions of the system, from the tank to a point in ad sewer — ms 


a cleansing flow is found. 
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| 
Mr. Landreth. interval ‘between successive flushings 
ular dashing of a system of sewers has been found necessary, , it is athe 
belief of the writer that the cheapest method of applying the water is — 
_ by means of automatic flush tanks. With flush tanks holding 300 | 4 
— galls. each, and with an average of four tanks per mile | of sewer, the 
daily quantity y of water necessary for one > flushing wou ould be 1 200 galls, 
per mile, or 24 000 galls. for a system of 20 miles, ann probably less 


Some systems have been designed and built with such low 


ing of ‘such sy in any manner would be of little use. it has 

_ the practice of the writer to use some form of automatic flush tank on 

_ all separate sewers, where water for feeding them could be secured; 
_ ‘bat he is not prepared to say that they could not have ~ been omitte od 
in some cases without detriment to the operation of the sy stem. Ex- 


4 perience gained in the construction and care of several hundred flush 
tanks, of forms and under — has him 


| ill w wouk for a a while, but refuse to operate after a time. 
Le Conte. L. J. Lz Conrs, M. Am. Soc. C. E.—Most sanitary will 
; agree with the author that automatic flush tanks are not inseparable 
adjuncts to the separate system. The effects of a 150-gall. flush are all 
_ expended afew hundred feet : away from the tank, the distance vary- 
ing w ith the grade } of the : sewer. >. WwW here ; gr grades ai are light and the flush 
is most needed they do the poorest work, and some auxiliary means 
is have to be adopted to furnish a long, continued flush, preferably 
= pipe connection with the city water main. Two cities in a Calon, 
Oakland and Alameda, the former with 60 000, and | ith 
- 10 000, population, have strongly contrasting s separate systems. x Oak- 
land has some 100 miles of pipe sewers on the separate system, without a 
_ _ flush tanks. The only storm water allowed to enter the sewers is roof _ 
¥ water at and near the | upper ends of the Streets. fa The sewers are flushed 
: "regularly two to three times a a year by means of a line of hose attached — 
_ to fire hydrants. This is done during the dry season. In the city a 
= Pecos. the flush tank system is in use. The tanks are located not 
« only at the upper ends, but also at various intervals along each street 
sewer down to the outfall into the main intercepter. Sometimes thes se 
a tanks flush regularly three times a day, and sometithes they do not 
work at all, but the results seem to remain the same. The writer does _ 
_ not believe in the efficiency of these small flushes ; they are impotent | 
“« and waste a large a amount ¢ of of water tc to no > practical purpose. 7 The tanks 
are e “xpens nsive require. constant attention. One » good, continuous 
flush from a water main he considers worth a myriad of tiny flushes — 
from tanks. It is cheaper, more effective and requires less water. se - 
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respect. "The c only choking has th that roots 
_ of'trees finding their way through the cemented joints, and finally filling © 
the whole bore of the pipe, often bursting the joints. Many beautiful — 
val 0 of shade trees had to be cut down on this account. growth 
_ trees near an aqueduct, sewer or masonry reservoir is a constant men-— 
ace to the work. The roots of eucalyptus trees near a service reservoir — 
"i at the Mare Island Navy Yard penetrated through the brick masonry — 
wall, 4 ft. thick, and finally cracked it so badly that a serious rye 
_ developed. On emptying the reservoir, the bot bottom was found to be | 
“—) Cov ered w ith a mat of roots, 825 sq. sq. ft. in area , and some 12 ins. thick. -_ 
% Where the main root passed through the fissure in the wall, it was like a 


a mammoth saw-blade not over }in. thick, 
*. §. Oper, M. Am. Soe. C. E— While all who engaged bp the Mr. Odell. 


ssion of this paper have expressed the the | opinion that that flush | 
were not essential to the proper working of the separate system _ 


that the of such systems and built the 
10 or 12 years have been provided with some form of automatic rel ¢ 
- tank. . This wo ould imply that the designers believed either that they 
were necessary, or that they were efficient and economical. The author 
has come to believe they are neither, but that a direct connection w _. ames 
the water mains gives a mach better flushing, and inthe course ofthe 
year uses far less water. . His experience has: been that flush tanks dis- a 
D charging 200 galls. or less of water fail to flush a sewer properly, . 
especially on the flat grades where flushing is most needed. 2 The -_ 
grades at Mount Vernon are mostly good, from 0.5 to the flattest 
~ grades being 0. 25°%, and on all 1 these s¢ sewers a — flushing tw twice a 
‘Regarding the cost, it may be interesting to en a comparison w ‘th : 
a neighboring New Rochelle, where flush tanks are used 
on all dead ends. It has 40 tanks and during the year ending Jan- 
—uary 9th, 1895, used 5 5 400 ¢ 000 galls. of water. = U nder contract with © 
- the water ¢ ompany, it pays at the rate of $12 per annum for each flush — 
tank, using a maximum quantity of 60 000 galls.; for all water used in — 
cy excess of this quantity payment is made at the rate of 5 cents per a 
a» 1000 galls ; under this arrangement the water bill for the year 7 
amounts to $630 0 21. Mount Vernon, with double the number of dead 
ends, must ne cessarily have } paid twice that am amount, or $1 260 42. 
a matter of fact, the quantity of water used in flushing the sewers of — 
Mount Vernon for the year 1894 was about 500 000 galls., as determined 
by the ey pumped during the flushing period, in excess of the 7 
normal consumption. “This, at the maximum pric paid ‘at New 
Roc shelle, would amount to $100, showing a saving of $1 160 on water; _ 
while the cost of labor is much less than the cost of inspection of ~ 
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CORRESPONDENCE ON SEPARATE SEWER SYSTEM. 
_ It is impossible to estimate the per capita consumption 0 of water in 
suburban city suc +h as Mount: ernon, where, perhaps, a majority of 
_ water-takers use it liberally in lawn sprinkling during the summer 
_ season, when the smallest quantity of ground water finds its way into 
the sewers. Nor can the quantity of ground water reaching the sewers 
be definitely determined. In the lateral sewers where flushing is most a 
— needed, the quantity is very - small, as such sewers are located on the 
high and dry grounds of the city. 
The author does not think it judicious to omit provision for flush = 
ir ing in the e design o or construction ofa separate system of sewers. The » 
cost of connecting 1g the water main by a 4-in. branch and gate v with the a 
_ manhole at the dead end of a sewer is about $40, which is a very small 
item. It is the simplest and best method of flushing the author has 
_ yet tried, and he strongly recommends its use. - Flushing through a a : 
hose from fire hydrants is slow, and consequently much more expensive _ 
than by means of agate onthe water main, 
“ Doubtless the automatic flush tank was expected to so cleanse the 
‘sewer on which it was placed that no material susceptible of decom- 
- position ¢ could remain stranded during the passage of the water from 
the tank, but observation and experiment ‘seem to discredit such an 
- assumption; consequently, the sanitary condition of a sewer that is 
7 effectually Sushed two or ‘three times yearly is found to be as good as, 
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ST TOP VALVE, 


AT THE ANNUAL Je 


DISCUSSION. 
ih connection with the measurement of the flow o the » Pequannock 
a ive er and the operation of the water supply system built by the East a 


; Jersey” W ater Compen uy for the « city of Newark, N. J., it became de- 
‘sirable to ascertain the discharge of certain 30-in. atop valves at the — 
_ontlets of the reservoirs. author was directed by the 
m. Soe. ec. C. E. 
‘then necessary gaugings, a brief vanillin of which, with a tabulation 2 


# results obtained, may be of interest to members of this Society. = 
careful experiments of this kind are com- 


"paratively © rare, al when | they do arise it seems to the author ‘that 


the results should be placed where they 1 may be ¢ of general use to. 
members of the profession, such description being presented in as 
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a form as is consistent 
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Sig, 
paler » and | workmanship, iy in the gate house at ‘the outlet of 


Clinton Reservc oir. 1 and 2 show the arrangement of the 


ve, were made Ww with the numbered and the 


ee common apex of the frustums of two cones, paid in a: 
_ _ directions to 42 ins. in diameter, | and t terminating in a short piece of © 


straight pipe at the lower end and in a piece of straight: ‘pipe and a 
“flap gate” at the end. The flap gate is intended for 


should the 30-in. valve become seriously disarranged, necessitating its 


9 removal, and was wide open, as shown, at the time « of the experiments. 


The valve made by the ‘Ladlow Valve Manufacturing Company, of 


‘Troy, N and has two parallel cast-iron faces 


finish 
of the valve. ‘The br gate were found to be 


$2.96 ins. in diameter, and the brass seat rings 30.22 ins. in n diameter. . 


die measurements were als so m made of the cast-iron lug a at the— _ 


bottom o of the disks. area of the Iune-shaped orifice of discharge 


for « different “positions of the disks 1 was computed from the above 
easurements, and the results are given in Table No. 1. There, 4 and 


= all cases in this | paper, ee height of gate” refers to the clear height ad 


7 of the bottom of the gate | ring above the top of the se seat ‘ring, and = 
by the distance in ‘Fig. 3. headings of of the 
ines are re self- explanatory. 1 Lines 1 1 and 2 2 of this table wer 


read at a glance. "Correction fer. the cast- -iron Tug a was s made by 


- deducting the area of its longitudinal cross-section from the a area of 


Tane-shaped o orifice for heights of gate and the 
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— with entire clearness and still be suffi- 
— true guide for their further application. 
— 

locatiqg of the meacyring weir The exneriments numbered 1 to 5, q 
will be noticed that in constructing the discharge pipes and 
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238 sMITH ARGE OF STOP VALVE. 
of gate less, than the depth of the lug ee areas given in Table No. 2, 


‘column 4, are the net areas with the lug deducted. 


The | height of the gat te was: observed by means of an | indicator, 


hich was carefully rated when the reservoir was empty. ' To o this 


> the me was raised to any height and the corresponding distance | b, fl 
Fig. 3, of the bottom of the disk ring above the seat ring was meas- pe 
“ured and compared with the height shown by the indicator. all 


1] 
the experiments the gate *G set on the opening movement so as to 


avoid errors from back-lash, 


— 
TABLE N No. 
TABLI 

AREAS OF Luxe-Suarep IN A 30- 


~ j 
Height of gate, Inches.......| 1. | 3. | 5. | 8. | 12. | 16. | 20. | 98. | 25. | 27.5] 90.2 
Area of opening. Square feet, 
Proportional height of gate... }0.033/0.099/0. 
Proportional area of . 767 /0.860/0 .913/0. 1,000 


tn conducting the experiments the water was drawn from the 


- reservoir R (see Fig. 1), through the archway A, discharged through 


2 _ the gate G F, and measured over the weir wo The height of the water 


was oheewved at B, just at the > inlet of the pipes, by tapping me of a 


eS a ‘the u unused pipes, No. 4, above e the gate, a and | piping to a glass tube — 
on. the seale board S. A pipe through th the down-stream wall of the the 


gate-house served to bring the water fr rom , pay at the outlet of the 


pipes, into the gate chamber, v where its height was observed c on the ie 


ra scale. . The pipes were so arranged that a full stream of water 
. could be run through them, to ensure freedom from entrained air before — 


a. any observations were made. After passing the ‘pipe an nd gate the af 
water an archway and open rock cut about 220 ft. 


he ree was of hard pine, the plane of the 1 e up-s p-stream 
4 side being ver and the edge to the belag sharp; 
a the down- stream side was chamfered so that the water in case 
a “g touched any part of the weir after Passing the up-s -stream n edge. The — 


—_ of the « channel of ‘approach were of planed 1 matched boards, those at the 


‘ ends of, and above, the 1 weir, extended a short distance down stream 
from the crest, that of the ‘sheet pass- 
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| 
old 
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bracket t, wa as ‘means of a tube and al 


with | an | orifice in a br brass: ‘Pilate set set in the. of the This 


true, and was about 0.20 ft. below, por 6 ft. up ‘stream 

a dine of the crest of the weir, Th The end contractions were suppressed, a 

an and the length o of ‘the 1e weir W was “exactly 12 ft. The mean depth of 
annel of appros ach below the crest of the weir was 4.07 ft. . No 


were used ad quiet oe water, net the shoot went over the the weir in 


form although Ww with | the greatest depths, 2 ft. and L above, there: 
not, 
he owever, comn to the of in the hock ¢ gauge 


Recor OF OBSERVATIONS AND ReEsuuts oF COMPUTATIONS. 


READING OF HEAD 


H. 
Fs 


Quantity in column 


a 


Coefficient of | 


charge. 


of g 


Cubic feet per 
Feet, 


Inches, 
‘Feet. 
Q. 
6 reduced to head 


Water passing. weir 
pecond. 


wo. 
ae 
a 
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Height 


2 
Head on gate 
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SMITH ON THE DISCHARGE OF A 30-IN. STOP VALVE. 
sheet. depth on the weir was measured by means of a 4 
gauge securely fastened to a large timber, whose ends ‘rested in the — 
— 
| 
= 
a 
ia 
80,5") 29 "74.251 66.73 | 54.06 | 2.67 | 1.254 | 136.3% a 
23 0 | 1.584) 81.15 56.72 | 2.58 | . 


30-1 IN. "STOP E. 


The flow over was compute ed by ‘the 1 Francis form 
d, 


= 3.33 L ia which is the discharge in oubic feet per secon 


Lis the length of the» weir in feet, and H is the depth on ‘the 


in feet. Correction was made for velocity of of “approach. 


The hook gauge was every minute, and the gauges, 


which v varied at all during a single e: ‘experiment, every ‘five 


of Table No. 2 gives ® tabulation of the observations and results. Col- 


of Opening in Sq. is 


= 


4 


oe 
£ 
£ 
£ 
— 
<= 
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0 
Coefficient of of Discharge _ 
0 60 70 a ~ 100 110 120 130 140 150 160 170 180 
“Discharge i in Cu. Ft. per Sec. 


umn 8 gives the clear height of the bottom of the disk r ring sini the a) 
Seat ring, and i is is represented | by the ho distance bit in in Fig. 3. Column 4 4 aa 


Bees the lug at the bottom of the disks. ber nc 9 shows the difference 

_ between the by height of water at at the inlet and outlet of the 42- in. pipe, 

points Band in Fig. ‘The headings of the 1 ‘remaining columns are 
self-explanatory. The e results of the experiments are more. clearly 


> ae by the curves in Fig. 4 A good degree of nw will be 


= 
— > 
| 
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noted in the plotted points for meade with « different nt gate 
_ openings, ands with a considerable variation in head, thus proving the 


Ih experiments Nos. 1 LtoS 5, some doubt existed as to the 
7 being i in goed: working order, a and in No. 18 the depth on . the weir — “> 


: consequently th those are entitled 1 to as much. weight 
as the others. The coefficients given in column 10. are not, strictly — 


= 


—y 


Height of Gate in Inches 


i 


= 


40 60 8 1M 140 160 180 200 220 240 260 230 300. 340 


‘enihiee, on coefficients of discharge of the gate e alone, but of the gate i 7 
‘and the short lengths ot of connecting pipes. ‘The head might | have been 7 


Wie 


: observed immediately « above and below the | gate, but it ‘would have i 


‘difficult to get satisfactory readings, and, in ‘the present case case, 


The upper half of the curve of coefficients is quite. different from 


. " that found by E. Kuichling, M. Am. M. Am. Soc. C. E., , for or a 24-in. stop valve.* 


: This disagreement is to be expected when the differing conditions are — 


* See the Transactions of the American Society of Civil Engineers, Vol. XXVI, p. 439, . a 
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_ considered. ‘In Mr. Kuic chling’s ¢ 8 case, as the disks were r sed, the limit 


of the coefficient with the full opening of ignte was infinity, while in nthe 


present case the coefficient approached a certain definite limit. Up 


half gate isa in the curves, and as near an 


and for a different purpose. 


‘a In applying these results to oppeeniantohy the =e sizes of gate 
_ set in the same manner as the one experimented upon, Table No. 3 


which is from the the curves, will be found useful. 
TABLE No. 8. 


FOR HEIGHT OF Gate, OF LUNE 


height of gate...... 
«area of opening. 


Fig. 5 is gi ge of 
5 ft. of 50 ft., on 


¢ 
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deserve careful attention as they to a very large valve, while the 
similar data given in the familiar manuals on hy draulics v were | » derived a 


from experiments “with very small valves. In character the experi-— 


“ ‘ments now submitted a are like those mane a few years ago with a 24-in. — 


of certain hime are different those 
obtained in the paper referred to, the speaker desired to make some 


comments concerning them 


on the assumption that the orifice the valve open- 
ing i is ina comparatively thin wall and is fully ne _ These co- 


ting the flow « of water i in 1 pipes, and \ were submitted i in 


. ho had more time than the speaker to complete such an analysis. To 
present the matter clearly, the following notation ' was adopted: Q= = 


7 discharge through valve in cubic feet per second; A = area of orifice 
4 in square feet; H = total observed loss of head in feet in the entire ap- 
a was as given by the author in column 9 of Table No. 2 of the — 


_ ‘paper this being the difference in level between the water surface in the | 
reservoir and that i in the flume above the measuring weir; 29= twice a 
ne the ace: eleration | due to gravity = 64.4 ft. per r second; y = loss of of head 
due to ) the passage of the volume Q through the valve orifice alone, 
ow hile « = loss of head in the remainder of the apparatus, so that 
a + y= H; and, finally, x = coefficient of discharge for the valve open- - 
ing considered as a ‘submerged orifice a a comparative ely thin wall. 


ape 
then exists the w ell- known relation: 


it should be remarked that it was on this basis that the coefficients _ 

were computed in the speaker’s paper already mentioned. The 
_ author, on the other hand, has computed coefficients on the basis of 
_ taking the entire observed loss of head H in the | entire apparatus, 7 

_ instead of only the nd y relating to the valve e alone, and has — 


made: Obviously the resulting values of 


agree with those derived by considering the partial of 


‘See the Transactions of the American Society of Civil Engineers, Vol, xxvi, p. 439. 
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with those found from the aforesaid experiments with a 24-in. stop- 
| 
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VALY 


sissies of interest to ascertain the proper values 
in the s experiments, w hereupon a new computation of 
a the coefficients jw will enable a proper comparison to be made with __ 
determine the proper v values of y in the case under sidera- 
: “tion, it is advisable to deduce from the given data the relation between 
- Qand H when the 30-in. valve is fully open, in which event y = 6 and 
H=z2x. For this Nos. 48, 9 and 23 of Table No 


“cally constant, ‘the equation i is “obtained therefrom direc! 


exclusive of the rhich 
eet i is fully opened) and the dis- 
charge Q, and by construct- 
ing the parabolic curve repre- 
sented thereby with as 
ordinates, and Q as abscissas, 
the value of « for any yalue- 
of given in the author’ 
Table No. 2 may yy then be 
quickly found. The difference 
between these values of 
the _ corresponding values of 


H w will then give the proper 
values of y sought, where- 
upon their substitution in 
equation 1 w “ill yield the values — 
of the | -coeffic ient which 
may properly be ‘compared 
with the ones obtained from 
the 24-in. valve. By this pro- 

the he values given in in Table 

“0d 02 03 04 05 0.6 07 08 09 1.0 “If the values of 

table a are re plotted a as ordinates to the corr veered values of n in 2 the 
second ¢ 

will bes seen 1 to ir rregular; “but passing a curve” 

- through the line so as to cut off the irregularities, this curve will be — 
a _ found very similar in shape to that which was found for the case of 
the 24 24-in. valve. For the ‘similarity, the 
two curves are shown i in Fig. 6 


7 


x 
a 
° 
> 
° 


ert 


a 

A 

3 

a | 

= 24 j 

— 

— aE | 

— 

lz 

— | 

— 

23 

a 

= 

\ 


a 


ve 


DISCUSSION ON DISCHARGE 


USS DISCHARGE OF 

It may be remarked that ‘the irregularities indica 

errors in the original observations which are closely revealed by oa 
above development of the coefficient «; also that the results a 

from the observations on the 24-in. valve by means of the mercur rial 

-difference gauge, described in the paper mentioned, are re- 
-markably free from The difference betw een the numer-— 


SHOWING ED DaTa AND OF REVISED 


A 
Compurations. 


a 


in appa- 


ratus except 
valve 


loss off 


Feet. 


Tet. 
in 


Area of opening 
in entire ap 


in square feet. — 
opening 
valve, 
uted with H, 


ment, 


Number of exper 
H 


Discharge 
head 
head y 
charge 


Pp 


through 
Total observed head ane 


Computed loss of 


Computed 


0.819 
= 
0.882 


in the aingram; and the only comment which « can now be made o mm the 
in agreement “points out the fact that the 
laws w aks govern the motion of water in pipes are not yet definitely _ 
known. _ Owing to this circumstance, the paper cannot fail to be a 7 
welcome and valuable addition to the knowledge of the subject, and 7 


the speaker hoped: thet: ‘contributions | of a similar character 
will be. offered. 
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said. The author did not compute the coefficient, «, for the reason that — 
i in a the work whicl hich called forth the | experiments 1t would have served 7 
. no practical pur pose, for the: ‘result wanted was the discharge of the 
a - gate and connecting pipes with any elevation of water in the reservoir, 
he was to present the facts as they came to him, 


= the subject so exhaustively that is little more to 
i” 


: ; is very glad, how ever, that Mr. Kuichling has taken so much trouble 
: | to reduce the experiments to a form to make them directly comparable © 
his own and others, for their whole range. 

_ Inn regard to the greater regularity of of the coefficient, , as giv en by 

4 the experiments sof Mr. Kuichling, the e author thinks this regularity 
is not so much due to the use of the pressure-difference gauge as to 
the fact that the ~, as he understands from a careful perusal of the : 

° ; above experiments, is the result of a computation from adjusted quan- 
tities, and not from the actual i. in in the the 


formula* the loss of head ‘appears ‘to have been 


so ‘that any one | could adapt the results to st case in ‘He 


this curve, thus eliminating or errors in the 
original observations; Q@ is computed by formula, so the resulting — 
quantity, would necessarily show great regularity. 


* See the Transactions of the American Sostety of Civil Engineers, Vol., xxvi., p. 449. 
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in any ofits publications, 


CONSTRUCTION OF SUBSTRUC TURE FOR LONE- 


KNOXVILL LE, 


By Gustave R. ‘Tusxa, Jun. C. E 


arn THE ANNUAL Convention, June, 1895. 


60 0 miles from Knoxv Tenn., the Knoxville, 


induct 


about 800 ft. “long and at a maximum m height above the valley of 135 ft. 
Formerly the railr oad crossed thie valley ona wooden trestle which eol- 


lapsed while a freight train was ‘upon it it, its collapse being due to ite 


meager br racing. he railr oad havi ing ing decided to reconstruct 


ing engineer the road, made and specifications the work. 
The struc a single- track steel viaduct of fourteen 30 30- ft. 


3 70-ft. deck spans, the 70-ft. spans being latticed girders, while plate 
are used for the 30- ft. Spans. towers | are e of | 


piers for the towe ers ot 


-, 


— 
tim 
q 
— 
— 
— 
4s’, 
— 
ments, there were required to be const 


> TUSKA ON LONESOME VALLEY VIADUCT, 


‘The > only rock to be found i & this locality i is alight limestone, w hich 


deter iorates rapidly. Some bridge abutments. on this railroad bt built of 


for ‘masonry, ‘built of this material, ran. from to $16 


yard. much better substructure could be constructed by 
A using: concrete made from this same Limestone. F ‘Furthermore, con- 


per cubic y ard pe in receiver’s certificates, w Ww hich at that time 


was equivalent to about § $7 cash, a saving, therefore, of about 50% in the | 


| 


cost of the concrete over that « of limestone masonr y. Ther reasons for 


this reduc ed cost ap ypear at once. W ith the concrete construe tion 


“derricks and hoisting g plant were required, as Wi ould hi hove been the case 


with | masonry. ‘The cost of this } plant would hav. e been high, as the work : 
was spread out over such a large area and materials could be deliver ed 


¢. ‘only at the abutments. No derricks \ were even required i in this case to. q 


bridge- seats and cap-stones ; for i in the place of the former, in. 


ta oh - steel plates were used, and the piers were finished on top by a steel | 3 
plate 4 in. thick instead using coping stones. 


: = 


for the e¢ concrete con: construction the commonest labor could 
it 
ractors paid $1 aay « of ll hours’ work. Since, therefore, a etter 
substructure at a less cost could be obtained by} using concrete instead 
of masonry, it was decided to build the abutments and piers re- 


quir ed for this viaduct of Portland cement concrete. ‘The author 


ees on employed by the railroad ¢ company a as resic 


= long at the ation of the face, wing are ef cach 28 


ins. long at the top. The north abutment has a maximum height 


7 of 27 ft. from foundation to top, is 26 ft. long at the bottom of the face, — : 
‘and the le ngth of the wing walls i is 26 ft. 6i ins. at the top. — The faces and - 
sides of the abutments have been ¢ giv en a batter of 1 in. tothe foot, and 
. _ both abutments finish to a thickness of 5 ft. at the —s seat, while 
the wing walls finish on top toa width of 3 ft. 6. ins. The | piers 5 were 


_ designed 4 ft. square on on top, and the four sides have a batter of 1 i in. 
_ to the foot. . These piers var vary in height from 5 5 to 16 ft. Pe ee 


ee digging for a foundation for the various ‘pedestals and abut-— 
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— The abutments were both built of the Y design. The south abut- 
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4 to ft. alow the sur face. Ww Where the piers: rested 01 on a rock 


foundation, the batter of 1 in. to 1 ft. gave a a "sufficient area of base. 


In the case of some of the piers at the bottom of the > valley, where no | 


rock w found at a reasonable depth, a foundation was 


ed, and the dimensions of | the bottom w were ) ine srease in 7? 


case would the maximum pressure be be greater than 1 ton p per er square: a 
foot. wi here of clay were in feundetions, as 
-oceurred quite often, the xcavated and the pockets filled 


eric. 


y After « cleaning the bottom of all dirt and loose rock, the molds — - 
built in place. These molds consisted of 2-in, tongued. 


"groov ed plank, braced by posts ts of 2 2 x 10-1 -in. plank « placed al about 3 ft. 
center to center for the abutments, and at each corner “for | the 


At the | ‘corners one side was: dapped | into the other, SO as to 
avoid any great leakage from the molds. ‘The posts were then 


braced by batter posts from the surrounding earth, the case of the 
piers a equare fen was then dropped over and securely 
"spiked to the posts, to hold the mold well together. Wi ith the abut- 


ments the ‘molds w built” up as the work of laying the concrete 


progressed. In the case of the abutment, the mold was built: 
in 6) to 7- ‘ft. sections, and held together by j-in. iron rods which 


sed through t the concrete ; e and whic h were left i in the finished abut- : 


ment. By this arrangement, much less planking» was required, as the 
lower ostomy! taken off ona used on the upper pert of the 


The i inside of t the molds was 5 painted with a thin coat of crude — 


Dlack oil, that there Ww vould ‘be no adhesion of the wood to the 


crete, te. The ‘Same mold was used for a number of piers. ‘Since all 
piers rs had the same batter, i it was: only necessary | to add a few planks | 
te the bottom ‘of the e old ‘mold or to take a few away to. bring it to 
the required height. In the case of the earth foundation before referred — 


to, the pier was built i in two yer ts, the upper portion having the same 


the other ‘piers, viz., 1 in. to pal and the lower Portion 


and 5 broken ‘stone. The cement was: the 


nd to b e found in that locality was that ’ 


— 
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n the bed of River, *h was as used. ‘The 


4 from rail oad cuts, were e being w worked. at t both to the 
viaduct, the rock being crushed and used on they Ww vork, The rock was 


|About bey of ‘concrete was te was made on eac ach platform a time, one 


_ taining 1 1 barrel cement, 2 barrels sand and 5 benvele broken stone. 


The method of mixing was as s follows: 2 barrels of of sand were spread 


evenly in the mortar box and 1 barrel of ‘cement ‘then 


Mariel UL 


_* spread ov er the sand. ‘The mixing was done in the usual manner by 


hoes, and when completely r mixed, about 12. galls. of water were added. 
The amount of water r varied with the freshness of the cement and the 


stone was measured in wheelbarrows, built with 


_* dumped an and d spread along t the front of the box to a width of af ft. and 
a depth of 6 ins. ry ‘After watering the stone, thes mortar was thrown o it, 


and then both were well mixed by turning with shovels. Usually 
A when the material was twice turned, it was found to | be suffic iently 


- 4 mixed to be shoveled into the wheelbarrows and taken to the mold 


mir 
This shoveling the ‘mixture into the Ww vheelbarrows ensured its being 
. ow well mixed, as it was thereby turned twice in addition to the previ ious: 


= mixing. © The layers of concrete in the molds were from 8 to 10 ins. 
By passing t the blade of a | , shove el between the mold and the cone 


a email | portion of the mortar was forced against the 


2 thereby ; giving the finished abutment a smooth appearance with no — 


_ stones showing. <a In fact, the effect of this ‘ cutting of of the sides” has — 
7 _ § caused the criticism that the structures have the appearance of too 


rich a concrete havi ing been used. The tamping -of the concrete was 


— Ww rith rammers w weighing from 30. to 40 Ibs. Ibs. Too much tamping is 


to be avoided, as it separates the mortar fr om 1 the stone, bringing 


er to th excess of wate also detrimental to the 
the 
4 surface, ant a point of: weakness in the finished block, ‘unless it is ‘g 
wells scraped off before the nex! next layer i is deposited. The 
faces of abutments a and piers were Gnished with a -in ay 


consisting of 1 part of cement to 2 parts of sand. Two ater the 
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completion of the pier, the molds were removed, the pier had the 
“appear of being one solid piece of ‘stone. The conerete was 


protected from the rays by twigs, and watered twi ice ev ery 

for aw reek after: the 1 molds were remov ed, as ; this was was found to: improve 


greatly. One abutment contains 321 cu. yds. of concrete. In such 


large MAsses, - the work of laying the conerete had to be discon- 


tinued: a ‘@ number of times, ‘it was , found advisable to build 


Before’ work « each the s 


previously laid was roughened with a ‘then leaned and well 


moistened, a layer of mortar laid, and | the new concrete deposited on 
bed. WwW hen the molds were taken off it t was f found that where one 


—day’s work joined that of another, lines could be noticed, and in the r ‘ 
case of the south abutment these lines | were inclined, , sloping a at about — 


- angle of repose of the wet concrete. _ At the north abutment tem- 


_ porary partitions were therefore inserted i in the mold, and. these lines 
became vertical, each sec section now ow being a a trapezoidal block. 7 After ‘the 
oncrete set, some of these joints were cut into, and the concr 
: 


ere was sane to be as solid a as in the ‘remainder a of the cape 


In account of the delay i in receiving the anchor bolts for the hae 


ooden cores were placed in ‘the cone rete in their stead. _ When the 


butment v as completed these cores” “were withdrawn ‘and the holes 


filled with water with boards and twigs, to protect them 
from the sun’s rays. It was found that, after the concrete had set w ell, 


the amount of water i in these holes: lessened very ‘slowly; i in fact, the dif- 


‘i ference o of of the levels of the w ater, from day to day, could oa be noticed. a 
pol 


Aga gang ¢ of men would mix : and lay ‘about 40. cu. yds. of concrete in 7 


a day's work of about 11 hours, when not delayed by lack of materials. 
~The gang wane as follows : 


illing sand barrels and water. 
“Filling rock barrows. 


W cone crete.. 
Spreading concrete in the molds" 


vers 
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It was found from a actual measurement that 1 yd. of concrete 

rammed and set, , made up in the proportion yy volume of 1 part 


_—— eement, 2 parts sand a and 5 5 parts brok: oken stone (the broken stone being 


about 2 ins. in largest dimension), consisted of 1.25 barrels of cement, a 


Wen. ft. of sand and 26.5 cu. ft. of broken stone 


The concrete was tela by contract ; } the price paid being $8 i in re- 


 ceiver’s certificates, eq ual at that time to about $7 cash. 4 At this figure ®, 


_ there was a small profit in the work in that loc ality, sand ind costing 30 | 


cents per + cubic yard, and ‘cement $2 as per barrel, delivered at the 7 
work. total amount of conerete laid in the 36 p 


than w with skilled, ‘because the former will hat is wanted 
and the latter will not. It is possible that for this reason the cheap 
ci negro labor was the best that could have been engaged : for the work 


RLES E. MERY, M. Am. Soc. E.- —Conerete has been used for 


nie 


of years ago in Ceylon, but after a time cracks 
investigation was made, which indicated that they were probably 


aused by expansion due to te dagen 


" the abe was remedied by covering the entire r reservoir with 
earth, so as to have all the concrete equally protected, and by closing fe 
| joints with cement cov ered with a preparation of asphalt. 4 
Foster Crowe.t, M. Am. So Soe. C. E. —Conerete is very largely used 
hot climates with satisfactory results. years ago the speaker 
- had occasion to examine the concrete retaining walls in use on 
the island of Jamaica, which had been in service for many years, and 
—_— found to » be intact and in a fine state of preservation; they were 
important structures 30 to 40 ft. high in places, supporting | a railr - 
embankment, and had been subject to great heat and to all the de- 
structive influences of weather except frost. It is customary to con- _ 
_ sider the weak point of concrete to be the dention effect of frost, but — 


. speaker failed to see why this argument against concrete does not 


sel 


q q 
q Mr. Morison. GrorGE S. Morison, President Am. Soc. C. E.—There are classes of 
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x in mixing, and ‘if the mixing and ramming are a the 

arguments relating to moisture and freezing no longer apply, 

FF. V. Assor, M. Am. Soe. C. E.—The author’s method of finishing Mr. . Abbot. 
the surface of the concrete so as toa ave void cavitic running a s a shovel 


he considered as a better plan that employed Captain 
Corps of Engineers, U. 8. Army, at the gunlift battery at Sandy Hook, — 
_ New York Harbor. The mortar for the concrete was prepared as — 
uu sual, but a certain proportion of each batch was reserved for for facing © 
_ before the broken stone was mixed in. This: mortar was placed along © 
- the bottom of the mold in a narrow pile sloping up against the sides as ee 
- 2 steeply as it would stand. The mold was then filled in with concrete 
up to about the level of the top of the pile of mortar, and the whole 
w as ral nmed. The next batch of concrete Ww: was then | added, but instead 
of filling it out against the ‘mold the edges of the layer were e sloped 
_ back from the mold at an angle of about 45°, When this batch had 
been spread and rammed the mortar reserved from it was placed in 
the triangular space left between it and the mold, and was carried up 
above the top of the layer, sloping back toward the sides of the ‘mold 


again. Tn this the mass was made homogeneous, and the 


of stones near the of the w ‘completely that there was 
need of subsequent work to make it even and straight. 


On another part of the work the molds were ‘taken down just as 
= as the cement wy set tage and a surface coat of mortar 


expansion and with in “temperature. A similar. 
= to float or plaster the surface of cone rete after it had taken a 
set failed at Fort Sumter, . 
Bernarp R. GREEN, M. Am. Soe. CE .— —In building forti 
at, Portland, | Me., as long ago as 1872, ic ‘method of ‘constructing 
concrete ina mold of planks, properly faced on the inside to prevent 
4 adherence of the concrete, was successfully practiced on a large scale. _ 
Where a ver y strong concrete was not ‘necessary, American 
= was use for it, but the exposed surface of such | cone crete “was s found 
to 1 withstand freezing weather. poorly and so was given a durable _ 
4 facing by plastering the inside of the mold a little in advance of the a 
- layers of concrete with a Portland cement mortar, which made an — 
excellent protecting surface. ‘These works. have been exposed to: to “the 
we latitude for tw enty years, and are still in 
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Mr. Green. condition. ‘The method i is entirely practicable and satisfactory if the 
af. fresh mortar and fresh cone rete are not allowed to set separately, but a 


harden into a monolith. . The t thie *kness of the Portland cement mortar e 4 


to stones back from the A sufficient 
titty was applied, how: ever, to make an average thickness of about 2 
7 ‘ins. ( Concrete may be used as a substitute for stone or brick n 
a up to the limit of the strength of the cement in any climate, when 
intelligently made and laid. Good concrete can be made with inferior — 
- materials and the cheapest labor under the direction of an engineer 
2 
seated skilled in such work. 


= "CORRESPONDENCE. = 


Barc ‘LAY Parsons, M. Am. Soe. 0.1 E.—The concrete work 
described i in this } paper is interesting from sev nih facts. Iti is one o 
the largest pieces of pure concrete masonry used in railroad practice 
in the United States; the superstructure rests directly upon it without — 

_ intermediate capstones; there was no cut stone used at all, the only 
stone used being the broken stone in the work; and it was put up very — 
successfully by the most unskilled form of labor. ER PO 

a The valley was crossed originally by a high wooden as which 
<dllaniia under a passing freight train three years ago. After the | 
failure of the trestle, trains were run around the break b by -_construct- 4 
ing a steep gradient on each side of the valley w vith a trestle of 
moderate height in the center. A year ago it was decided to replac e 
the trestle with a steel viaduct. There was no stone along the line of 
the road fit for use in the masonry, the only variety being a a limestone, : 
disintegrated after about three y year rs of ex exposure. 
a As consulting engineer of the company, the writer therefore ad- ; 
= the use of concrete in the abutments and piers of the proposed 


structure. This recommendation met with strong opposition from — 

= e hief engineer and the e supe -rintendent of the road, who, w hile ad - 

mitting the good quality of high- -class cone e work, such as 
_ hibited by the Department of Docks in the city of New York, never- 

theless had a firm belief that as the contractors and laborers in the " 


South were wholly unacquainted with the manufacture of first- class — 
rete, it w ould ‘impossible to make satisfactory work. The 
_ president of the road, how ever, followed the advi ice of the consulting 
engineer, relieving the chief engineer of the responsibility of the 
foundations and placing it upon the consulting engineer. Vaan 3 
were called for the work, and of all the contract tors: that bid 
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on concrete than on cut stone masonry, and this bid diminished the 
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concrete the ¢ exact that the engineer 
The ¢ consulting en, engineer ‘placed the work in the a of the author. a 
_ who took charge of the contractor’s men, none of whom had made any 
concrete, except the cheap lime concrete used in the foundations of 
- omall buildings in the South. | The men, therefore, were of the most — 
lass possible. 2 In spite o of this, however, the author suc- 

in construc ting both the abutments of concrete, | the 
work comparing favorably with the best work that has been turned 
out by the Department of Docks in New York. In fact, the success : 5 
was so that both the and the cuperintendent of the 

nee of the construction and 
ising the use of ec cone ncrete for Ww york, while the contractor who 
> constructed the piers has stated that. a never use cut stone 
masonry again, ifhecanhelpit, | 

ar another instance of the excellence of concrete, the writer d de- 
sires to mention an experience with some piers rs for a . bridge across 
= Wabash River, the superstructure of which he is now changing — 

_ from wood to iron. re Some years ago the stone masonry commenced to 
show signs of disintegration and the piers w yere incased i in beton. ‘The 
new steel bridge required the tops of the piers to o be vut off, due to the 

change of bridge seat. _ It was found impossible to split or break the 
- concrete, so that the workmen were obliged to drill holes and blow off — 
the tops of the piers by small charges of gunpowder; in other words, — 
the concrete was in far better condition than any stone masonry could : 


Georce H. Peoram, M. Am. Soe. C. E.- —The v value of concrete for Mr. Pegram. 
piers and foundations is being generally recognized. The writer __ 
has: used it unhesitatingly for very large bridges with as yet no indice _- 
re tion of insuffic ient strength or or > want of ‘durability. He has. 
heard of some cases of failure in other w york, which could generally be 
———_ on the ground of poor materials or careless workmanship. = 
2 _ _He has always used Portland cement, mixing it generally with sand - 
ae and broken stone in the proportions o of one, three and six. Sandstone — 
is apparently better adapted for concrete than limestone. The mortar . eS 
_ will hold to it more tenaciously, and it is free from incipient cracks — 
which are apt to be present in limestone. Instead of screening the © : 
_ broken stone, it seems sufficient where sandstone i is used to oreduce a 
sand by the amount of detritus contained, 
out sensibly diminishing the str ength. 
_ The non-porosity of concrete, which teen 
demands constant consideration in the exec of the 
Whenever construction is stopped for an interval of time | sufficient nt to 
_ allow the mortar to take a partial | set before work is continued, sur- 
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to make stick to these piers it is put on before the 
concrete has set, which is generally impracticable. It seems better to ' 
make the form tongued and grooved and surfaced inside, and then take 
d precautions for keeping the stones from getting to the outside of the — 
_ pier. This can be done by endeavoring to make the outside of the pier 


In br idge it is essential to diagonal fre 


2 he writer called the sthention George H. Soc. 
zE, to this statement, and it was thought ‘probable that much of the 
~ eoncrete work used for bridge piers in the South had not attracted — 
attention, and that the majority of the members of the Society did 7 
know to what extent concrete masonry had been used. 
‘The bridge over the Arkansas River at Ft. Smith, ‘Ark., has ten 
 200-ft. spans, and a 360-ft. draw s span. . The: substructure for this work 
4 has thirteen concrete piers. _ This work was done under the direction of | 
_ c Mr. Pegram, the consulting engineer, as well as three other bridges, _ 
4 which were built in Louisiana in 1891, on the line of the ‘Houston, — 
Central Ar kansas and Northern Railway. ~The writer was employed 
by: the contractors, the Union Bridge Company, and had immediate — 
_ charge of constructing the substructure for the Little River Bridge — Sy. 
and the Red River Bridge, the latter crossing the Red River at 
_ Alexandria, La. These bridges | were | on | the line of the railway il 
At Little River théve were two piers built of conerete in the main 
which rested upon grillages and pile foundations, and two 
_ shore piers, which were two pair of cylinder piers. One of the con- 
> crete piers was 6 a. wide by 17 ft. long between the ree grid at the - 
top and had semi- -cireular ends. The | batter w “was lin 24. > pier 
4 measured 52.5 


_ The other pier is a piv ot pier carrying a girder draw span 0. of 148 ft. It 
% is 10 ft. wide and 12 ft. long between ‘shoulders, with no batter but 
an enlarged base similar to that in Figs. 3and 4. This pier 
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appearance of the work is greatly benefited by the use of na- 
— tural stone copings. Where these are used it is generally welltoleave 
the lower bed rough, to give it a better hold on the concrete against 
Mr. Gahagan. ‘Waurer H. Ganacan, Assoc. M. Am. Soc. C. E.—In the correspond- 
ence on this paper Mr. Parsons says, This is one of the largest pieces 
— 
— 

y 
— 
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2. measures 51. 9 ft. from the top of the concrete to the top ) of the grill- Mr. Gabagan, 
and contains 390.4 cu. yds. of concrete masonry. 
_ The bridge across the Red River has six concrete masonry — 
all founded upon the natural ledge of rock. _ ‘Three of these piers are 
6 ft. wide at top by 19 ft. between shoulders, with semi-circular ends. 
Two of them, the piers, are Ww ide he; 19 ft. betw 


The Red River piers measured 
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ompany was ‘for the same a 
Ouachita River. This has five piers, two of them, the shore piers, | 
being cylinders dredged down and filled with concrete. The chan-— 
nel piers are of concrete masonry resting upon grillages and pile 
The center pier is a piv ot. pier and carries 360- -ft. 
draw span. This | pier is a circular shaft 27 ft. in diameter and measures" 
52.25 ft. fre om the top of the concrete to the top of the grillage. This — 
Bend contains 1153.8 cu. yds. of concrete masonry. The draw rest 
_ piers are 7 ft. wide by 19 ft. between shoulders at the top of the pier. - 
The watter is 1 in 24. These two -ontain: 583.5 cu. yds. of con- 
‘erete 1 masonry y each, and measure 59.75 ft. from the top of the concrete a 
to the top of the grillage. The ee piers contain 2 320.8 cu. yds. of - 
total amount masonry in 1 the piers fc for 
bridges is as follows: =A 


Little River 


i 
pier, a vertical shaft 27 ft. in diame 
excepting the pivot pier, is 1 in 24. — 
44 to 53 ft. from the top of the i=) 
quantity of concrete in them was2827cu. yds. 
— 
— 
_ 
| 
_ — 
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ve, The concrete for the Ouachita and Little Riv er Bridges 
with a machine. That for the Red River ¢ rossing was mixed “te heaglh 
7 in very much the same manner as described by the author, except the 
dry sand was first spread upon the platform, the cement spread evenly | 
over the sand, and the cement and sand were then turned until they 
ss thoroughly mixed dry. Water was next added and a mortar 
. made. This mortar, when properly mixed, was spread out, and the — 
4 broken stone thrown | into it and the whole mass turned again two 
times before being put into the p piers. The proportions ‘used in mix- 
_ ing the concrete were 1 part of Portland cement, 2 parts of sand and 6 
' parts of broken stone. Figs. 3 and 4 show the hemi slender shafts, | 


masonry} 
“a In 1892, on the ahead Rock Island and Pacific Rail way extension 
- through the Indian Territory, a bridge was built over the Red River | 
_ near Doss, Tex., having piers entirely of concrete, no coping stone ~ 
_ being used. ‘The amount of concrete t used in this work k was over 3 000 p 
eu. yds. The writer is at this time engineer and superintendent for 
_ the contractors who are building concrete masonry piers for a railroad 
bridge across the Arkansas River. _ More than 3 000 cu. yds of concrete 
masonry — will be used. The proportions are 1 part of Portland 
cement, 2} parts of sand, and 5 parts of broken stone. 
Mr. Tasks. G.R. Tusxa, Jun. Am. Soc. C. E. —Mr Abbot has suggested a 
a method of obtaining a smooth surface ‘by placing the mortar along 
the sides of the mold.” At the Lonesome Valley Viaduct, where the 
w work consisted mainly of small | piers with a a large of 


7 F mathe’ followed as to make a a mater ial difference in the cost, w ith no 
advantage over the surface obtained by ‘‘cutting the sides” as ex-— 
] plained in the paper. There is also the disadvantage of the piers not 
being homogeneous throughout, which might ¢ cause the | concrete to 
crack from the different rates in expansion. = The method of plastering 
4 the sides after the concrete has partially set is a poor one and not — 
_ to be recommended, as in every case the author has seen it has caused 
the surface to break away soon after setting, on account of the differ- 
ences in the rate of expansion of the materials. ars A 
—. As to the effect of frost on the structures. it is now a year since 
these masses of concrete were made. They have gone through hot dry 
g 
- weather and also freezing weather since erection, but no bad otets 
haan __ have been noticed. In fact, not even the sharp edges of the pedestals, 
ete., have been broken off. All the masses of concrete : are in as good 
- condition as when first erected, and no trouble of any kind has been 


experienced since 
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